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Introduction 
Brian D. Dillon 
A ll archaeological writing can be placed in two cate-gories: that which reports on or interprets archaeo-logical discoveries and that which proposes the 
ways and means by which new discoveries can be made or 
interpreted. Archaeological writing on systems theory, simu-
lation, and method (sometimes mislabeled "methodology") 
obviously belongs to the second category. Such writing 
usually lacks a sense of practicality, by which l mean the 
implementation of a theoty or method in an actual field or 
laboratoty situation. This may be understandable , for only in 
a practical situation can a new idea be evaluated in terms of 
actual archaeological success. Archaeological writing about 
the ways and means of research should be a topical triumvi-
rate featuring theory, method, and practice. The fo llowing 
papers bear witness to the value of practical considerations 
within the field. They are useful and instructive because they 
address common problems from the world of real archaeol-
ogy and propose real solutions for them that have proven 
successful through trial and error. 
Practical archaeology is a means to an end, that end 
being the advance of objective archaeological knowledge. As 
such, it stands little danger of becoming an end in itself (as 
have "method" and "theory"), because practical archaeology 
is the study of what works in a specific context. lt is in 
danger, however, of being accorded only parochial impor-
tance until it can be shown that what can be practiced 
successfully in one archaeological context can also be ap-
plied to another one. Specific archaeological goals will differ 
depending upon geographical location, chronological posi-
tion, cultural background , and intellectual focus of the 
archaeologist and his or her audience. Nevertheless, mastery 
of practical archaeology becomes the common denominator 
upon which success of any kind is predicated. Practical 
expertise enables the archaeologist to leap the hurdles that 
stand between the desire to do archaeology (and the hope of 
making important discoveries) and the ability to implement 
that desire. 
This volume reports only minimally on archaeological 
results, only because it focuses upon archaeological problem 
solving in a variety of field and laboratory research contexts . 
The practical ideas presented herein should help the field 
archaeologist to expand data recovery capabilities and to 
make investigation of the past more efficient. Efficiency is 
again not an end in itself, only the means towards finishing 
archaeological tasks with greater speed, less expenditure of 
funds or energy, and recovery of greater amounts of informa-
tion. Archaeological efficiency in practical terms therefore 
produces a surplus of time, money, and labor over archaeo-
logical inefficiency; with this surplus the archaeologist can 
collect additional evidence or spend additional time on 
interpretation, and the size of the data sample and firmness 
of the conclusions can be improved. 
Much attention is given to the "strategy" of archaeology 
today, by which is meant the grand-scale objectives and 
potentialities of certain kinds of research; curiously, little is 
heard about archaeological tactics . Practical archaeology 
provides a partial solution to this shortcoming. lt takes the 
researcher many steps beyond theory, for while theory only 
proposes, practical archaeology disposes . By underlining the 
usefulness of "real world" archaeology, one should not 
conclude that all other kinds of archaeology are necessarily 
"impractical," only that through application, practical ar-
chaeology can bring us closer to concrete discoveries than 
any other form of research. 
Each of the following papers is an exercise in practical 
archaeology because each results from its writer's personal 
familiarity with real-world archaeological situations. The 
solutions proposed have been successful in actual applica-
tion. Studies of settlement patterns, for example, are current 
fare for undergraduate instruction in archaeology (and often 
within geography departments as well); most good students 
can rattle off a long list of archaeological site layout charac-
teristics and define and contrast "camps," "vi llages," and 
"cities" in artifactually or architecturally quantitative terms, 
citing nearest-neighbor theory and chi-square diagrams as 
"evidence. " If the same student cannot actually make a 
planimetric map of an amorphous aggregate of crumbling 
brick walls in the desert or calculate the height and surface 
dimensions of a pyramid in the rain forest, it becomes 
obvious that a facility with theoretical models is no substi-
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tute for practical training. The two papers on mapping, by 
Van Horn and Murray and by Whitley, help to codify 
practical solutions to common recording problems and 
provide many useful shortcuts to success in field mapping of 
archaeological sites and in precisely locating artifacts in their 
discovered associations. Such skills are the most basic pre-
requisites of any kind of spatial analysis of archaeological 
remains. 
If the precise localization of associated artifacts and 
features is important in mapping, where an essentially two-
dimensional characterization of reality is produced, it is even 
more important in excavation, where three-dimensional 
reconstruction becomes necessary. Stratigraphic interpreta-
tion and the understanding of superpositional sequences 
necessitates absolute vertical control as much as horizontal 
accuracy, and the paper by Winans and Winans provides us 
with an easily constructed apparatus and working method 
by which such goals can be achieved. A lack of facility with 
taking measurements in field excavations can have disas-
trous results for both archaeology and paleontology. An 
apparently disarticulated mammoth in the American Great 
Basin, for example, has very important implications for the 
question of how the continent was originally populated, and 
we would like to be certain that the transposition of the 
bones is the result of paleo-lndian manipulation rather than 
the result of a field recorder who could not keep a line level 
and tape straight. 
Since the 1940s, chemical and physical testing of 
archaeological deposits and of artifacts has come to be a 
standard investigative procedure, but most archaeologists 
tend to think of such uses of applied science as almost 
exclusively laboratory based. Van Horn and Murray's sec-
ond paper shows how the chemical laboratory can be 
transported to the archaeological site itself by applying 
systematic common sense; through the application of a 
simple and easily reproducible process, artifactual material 
can be "unlocked" from a context that was previously loath 
to yield it up . 
Raab's chapter points the way of the future for all 
archaeological laboratories . Computers, originally the do-
main of the select few , have now become essential tools 
enabling the archaeologist to save time and expense . Tech-
nology borrowed from other fields in the form of electron 
microscopy and neutron activation have also been applied to 
long-standing archaeological problems with singularly suc-
cessful results. Some questions previously considered unan-
swerable, such as the ultimate points of origin of imported 
items in foreign contexts, can now be resolved using such 
advanced technology. Unfortunately, such specialized ma-
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chinery is still beyond the financial means of many archae-
ologists and certainly most students. The X-ray machine , on 
the other hand , has been with us since 1895. It is commonly 
available in most large cities in most countries, and a used 
one can generally be purchased at fairly low cost. Tartaglia's 
demonstration of some of the archaeological potentials 
of X-ray analysis underlines the fact that technology need not 
be expensive or experimental in order to assist in practical 
archaeological research. This consideration becomes in-
creasingly important to the scholar who cannot bring speci-
mens home for analysis but must study them in their countty 
of origin. 
The final three papers deal with problems and solutions 
of a logistical nature that are commonly encountered by field 
archaeologists. Archaeological logistics have received almost 
no publication exposure, despite the fact that basic problems 
of supply, communication, and transportation beset every 
field project and perhaps combine to form the most univer-
sal archaeological common denominator. Today, few ar-
chaeologists and fewer neophytes can be expected to make 
common sense logistical decisions , for very few have a 
background that includes any practical experience outside 
the academic milieu. While most archaeologists dream of 
getting to an untouched archaeological location and making 
startling discoveries, few are willing to begin such a project 
unless air passage is available to the point of discovery or a 
freeway has gone through . The practical archaeologist, how-
ever, knows that solving logistical problems rapidly and 
efficiently means that four or five research projects can be 
completed annually instead of just one, and that more 
resources can be devoted to archaeo logy than to archaeologi-
cal preparation. Logistical self-sufficiency makes the archae-
ologist more mobile; saves time, energy, and money; and 
provides more opportunity for the analysis of recovered 
materials. The cumulative result of such self-reliance is that 
more archaeology gets done , and done more completely. 
Although many more projects are being proposed today 
than just five years ago, the sources of funds for which these 
are in competition have dwindled to a fraction of what was 
available a decade ago. Now as never before the research 
archaeologist must economize and must solve his or her own 
practical problems instead of hiring a specialist or foregoing 
portions of research. If the working schedule does not permit 
the archaeologist's direct involvement in some of the more 
grass-roots activities necessa1y to the progress of the re-
search venture, then he or she should have the experience 
necessary to train a willing graduate student , worker, or 
volunteer to handle speci fic extractive, recording, analytical, 
or logistical tasks . 

Chapter 1 
Transit-Controlled Surface Collecting 
David M. Von Horn and john R. Murray 
T he emergence of the field of "consulting" archaeol-ogy has led to the development of faster and more efficient methods of data recovery. The professional 
consultant must provide his client vvi.th more than an aca-
demically acceptable field program. A consultant must also 
consider how the work can be accomplished with the 
greatest speed and the least cost. In the following para-
graphs, we examine the efficiency of several surface collec-
tion programs in terms of speed and accuracy. 
Traditionally, large-scale surface collection projects have 
been tedious and time-consuming tasks, principally because 
of the problem of accurately recording the provenience of 
the finds. The most common method entails laying a grid 
over the site in whatever size squares seems most appropri-
ate and then collecting the cultural material situated within 
the squares (often only a sample of the squares is collected) . 
Proveniences of collected items are recorded in terms of the 
coordinates of the squares. 
There are several needless difficulties entailed in such a 
method. The first involves layout of the grid itself. Let us 
assume that an archaeologist wishes to collect 100 percent of 
the cultural material from a site that can be enclosed within 
a 100 x 100 m grid. We shall also assume that the grid square 
size will be 5 x 5 m. Forty-two stakes and 300 m of string will 
be required to lay out one row of the grid . If the ground is 
hard, the stakes may be difficult to drive . Vegetation and 
topography may interfere with the alignment of the strings . 
It could easily require one-half day for two people to lay only 
one-tenth of the grid area . Assuming that the work could be 
accomplished at twice the rate after the first row is laid out, 
four additional person-days would be required to complete 
the grid , and nothing would have been collected (using the 
method described below, over 800 items could have been 
collected and recorded during the same period of time). 
The grid system is fraught with other problems. Espe-
cially important is the fact that the proveniences recorded are 
only as accurate as the grid square size. In the example above , 
the location of an item is known only in terms of a 25 m2 area . 
Using smaller .squares improves the accuracy but greatly 
compounds the logistical problems entailed in laying out the 
grid . In the case of a small concentration of objects, the 
position of one item relative to the next is entirely lost. When 
the grid results are mapped, only an abstract picture of the 
site appears since it can only be illustrated in terms of the 
density of objects found 'Ni.thin the squares. 
A better system from the standpoint of accuracy in-
volves collecting the artifacts after their distance and angle 
relative to one or more datum stakes have been measured. 
Measuring is done using a tape and compass or protractor. 
Dillon used this technique when he was unable to lay out a 
grid because of off-road vehicle activity (Dillon, n .d.: 40, and 
he describes it as "laborious." It is clear that such a method 
is no faster than the grid system unless one is dealing with 
only a few items that require collecting. Moreover, such a 
method could be completely unfeasible in a large site where 
thousands of items had to be collected. 
A transit is designed to facilitate measuring distance and 
angles. Optical location of each item can be performed in a 
fraction of the time required to measure by hand and may 
feasibly be used on any site of any size. The potential for 
accuracy sometimes excels that of measuring by hand. 
USING A TRANSIT 
Using a transit in detennining the proveniences of surface 
finds is not a new or unique idea. However, transit-con-
trolled collections are usually restricted to operations in 
which only a few items are to be collected (for example, fewer 
than 200) because instrument operators often do not know 
how to use the transit efficiently and because the collection 
team does not function at maximum speed. We have been 
performing transit-controlled surface collections since 1977, 
and this experience has led us to a refined but simple system 
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Figure I. I: Heading for the transit note form. Under Conversion, the cartographer records the map-scale distance. 
that is both efficient and accurate. The system of collection 
and mapping wi.ll be described first and a discussion of some 
of the results will follow. 
ARTIFACT LOCATION AND FLAGGING 
Cultural items to be collected are first located by a team of 
three persons (who will also perform the collection opera-
tion). The team walks in parallel transects until the entire site 
has been covered . Each person carries a bundle of 1/16-inch-
diameter welding rods with surveyor's flagging tied to loops 
bent in the ends of the rods. One of these "flags" is inserted 
into the ground next to each item to be collected . lf the 
ground is very hard , the staff should be equipped with ice 
picks for pre-punching the hole into which the flag will be 
placed. lf the site is very large and thousands of objects are 
to be collected, it may be flagged and collected one portion 
at a time, leaving a line of flags in place to delineate the area 
that remains to be collected. 
COLLECTION PROCEDURE 
Once a site or part of a site has been flagged , collection may 
begin. This is performed by the same three people who 
performed the flagging operation: the transit operator, the 
stadia rod person, and the "bag" person. The transit operator 
stands at the instrument which is set up over the most 
appropriate datum location. The rod person places the stadia 
directly behind the object to be collected , and the transit 
operator locates the rod, recording coordinates on a form 
designed for the purpose. At the same time, the rod person 
removes the flag and the bag person places the object in a 
plas tic bag. The bag may be numbered on the spot, or pre-
numbered bags may be used. The bag person then places the 
object in a duffle bag fitted with a shoulder strap and calls out 
the number and identity of the object (chipped stone, 
ground stone, shell, and so forth) to the transit operator who 
records this information on the form (fig. 1.1). Transit notes 
thus include the number, identity, and coordinates of each 
item collected . By the time the bag person has finished, the 
rod person has moved to the nearest object remaining to be 
co llected and the cycle is repeated. Walkie talkies can be very 
helpful on large sites or on ve1y windy days. 
Once the team has become accustomed to working 
together, it is possible to obtain and record the coordinates 
of an object in 5 to 6 seconds (faster than the rod and bag 
people can collect the objects). This speed is achieved by 
using a shortcut in calculating the distance of the object. 
When performing a normal transit shot, the operator 
first levels the telescope and then focuses on the stadia rod. 
Distance is calculated by subtracting the bottom cross-hair 
reading on the stadia from the top cross-hair reading (fig. 
l .2a); when multiplied by 100, this difference between the 
two yields the distance of the rod from the transit. The 
telescope is set on level before making the calculations 
because the operator desires the true linear distance from the 
rod to the transit-any variation in the telescope angle from 
absolute level introduces an error in the resulting distance 
(that is , it makes the object appear to be slightly farther away 
than it actually is; fig. 1.3). Improper elevation also results in 
Stadia scale 
UPPER 
l m 
LOWER 
b 
Figure 1.2: Views of stad ia as seen through the telescope: a, with the 
te lescope leve l, the upper and lower cross hai rs fa ll at arbitrary 
increments on the stad ia scale. b, with the lower cross hair placed on an 
even increment, the distance reading is greatly facil itated . 
stadia 
A \ b (actual distance) ~ /objec t -------------------~~--._..1.~---
Figure 1.3: Diagram showing the error introduced by movi ng the trans it 
te lescope away from the absolute leve l. 
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the cross hairs in the te lescope being placed at arbitrary 
levels relative to the increments on the rod . Thus the 
operator must deal with clumsy figu res and then subtract 
one from the other to derive a distance (fig. l. 2a). 
With our technique we ignore leveling the telescope, 
and the operator immediately sets the lower cross hair on an 
even increment on the stadia (fo r example, 1.0 m as in fig. 
l.2b). For distances of less than 100 m, the number of 
centimeters between top and bottom cross hairs may then be 
read directly from the stadia with no subtraction or uneven 
figures. For example, if the bottom cross hair is placed on the 
1-m increment and the top cross hair reads 1.4 m (fig. l. 2b), 
it is immediately apparent that the object is 14 m distant. 
As mentioned above, elevating or de-elevating the 
telescope introduces an error into the distance reading. 
Thus, it is essential to know what error is being introduced 
in order to be certain that it occurs in an insignificant range. 
The error (E) is equal to the cosine of the angle on the 
telescope (a) times the distance being shot (d): 
E = Cos a x d 
Table 1.1 provides the cosines of a few angles and the 
resulting errors at a distance of 100 rn. Thus, an angle of 3° 
on the telescope introduces an error of 14 cm at 100 m 
(0.14%). For surface collection and mapping purposes, 
such an error will almost always be insignificant . An angle of 
8° will have to be introduced before a 1-percent error results. 
As long as the operator is aware of the error being intro-
duced , he or she can determine whether it is tolerable; if so, 
objects can be shot in a small fraction of the time required to 
level the telescope and calculate the distance from arbitrary 
points on the stadia scale. It is rare that the telescope will be 
elevated or de-elevated more than 4° or 5°. In the event that 
absolute accuracy is required , it is much faster simply to 
record the angle shown on the telescope protractor rather 
than level the telescope and figure the distance in the field . 
The trigonometric formula E = Cos a x d can be used to 
calculate the actual linear distance back in the laboratory. 
In terms of both speed and accuracy, there is no 
comparison between the grid method and the transit con-
trolled method. In fact, smaller surface scatters can be 
completely surface collected in about the time required to 
simply lay out a grid . The transit method offers the advan-
tage of recording the exact location of each object with any 
degree of accuracy required in a matter of seconds. A 
preliminary catalogue of the finds is a by-product of the 
procedure, and each item is bagged with its catalog number 
when the collection is complete. All of the equipment can be 
reused , and the data will enable the cartographer to plot out 
an actual map of the locations of the finds at any scale on any 
type of map. 
Table 1.1 Cosine of angles and resulting errors from 
improperly leveled transit. 
Angle (0 ) Cosine Error (cm) % Error 
1 0.9998 2.0 0.02 
2 0.9994 4.0 0.06 
3 0.9986 14.0 0. 14 
4 0.9976 24.0 0.24 
5 0.9962 38.0 0.38 
6 0.9945 55.0 0 .55 
7 0.9925 75.0 0 .75 
8 0.9900 100.0 1.00 
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One of the greatest advantages of the transit-controlled 
surface collecting system is that it provides data for drawing 
a scale map of the scatter as it actually appears. This is 
accomplished by simply locating the transit datum (o r data) 
on the base map and then plotting the angles and distances 
from the transit notes. The distances must be changed to the 
scale of the map, but this is easily accomplished with any 
adding machine or pocket calculator. Calculators equipped 
with constant keys are particularly useful for converting the 
distances to map scale, since one need only figure the fac tor 
that will bring the distances down to map scale and enter this 
factor into the device as the constant. This avoids the 
necessity of reentering the fac tor each time a new distance is 
converted and thereby saves considerable time. In fact, it is 
possible to convert several thousand distances per hour 
when a device with a constant key is used. Forms such as that 
shown in figure 1.1 are convenient in that they already have 
a column for the converted (map scale) distance. Symbols 
may be used on the map for different types of items collected 
(for example , an x fo r chipped stone, a small circle for shell) . 
Alternatively, the numbers assigned to the objects can also 
be used , although a very large-scale map might be necessary 
since the numbers may tend to overlap. 
Nothing more complicated than a protractor and a ruler 
is actually required to do the plotting. On the other hand, a 
computer equipped with a plotter can be used if such a 
device is available. We have not generally had the benefit of 
access to a computer and have worked out several simple 
ways of performing the plotting by hand in an expeditious 
manner. The simplest method is to use a marine navigational 
protractor that already has a pivoting ruler attached to the 
center of a 360° protractor. The rulers on these devices may 
be in increments designed to accommodate the standard 
scale of nautical charts, but this problem can be resolved by 
simply gluing or taping a ruler of the desired scale over the 
ruler attached to the protractor. 
If it is anticipated that many maps will be made, it may 
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Figure 1.4: Homemade plotting equipment. The ruler pivots around the 
adjustable pin held by the iron bar at the top; the bar is fastened to the 
drawing table with C clamps. The 360° prntractor shows as a circular 
shadow under the mylar sheet that bears the surface scatter plot. 
be worthwhile to build a special plotting device-an iron bar 
that extends out over the drawing table and holds an 
adjustable pivot point that is located directly over the center 
of a 360° protractor (fig . 1. 4) . The latter is a mylar copy that 
can be made from a plastic protractor at any blueptint 
production facility for about $5 to $20. The mylar protractor 
is simply fastened onto the drawing surface with tape . The 
mylar or acetate sheet that will bear the plot is then placed 
over the protractor in such a way that the transit datum on 
the sheet is centered on the protractor. The pivot point and 
the ruler are placed over the same point. The cartographer 
may simply pivot the ruler to the correct angle, find the 
distance on the ruler scale, and plot the location of the object. 
Several hundred points may be plotted in an hour using this 
simple homemade setup. 
This procedure produces a map of publishable quality 
without the necessity for special computer skills or expen-
sive equipment . Careful draftsmanship will result in a map 
of sufficient accuracy for establishing legal boundaries such 
as the open-space easements that are frequently used in the 
avoidance-type mitigation procedures often connected with 
environmental work. Moreover, the resulting maps are often 
useful for site interpretation since they provide an excellent 
idea of the actual dispersion patterns of objects. Areas of 
concentration of a particular category of object may be 
readily discerned. In some cases, the density of surface material 
is a reflection of the presence or absence of a subsurface deposit. 
The surface collection map can be of great assistance in 
formulating excavation strategy in such instances. 
Occasionally, a large site with many surface items may 
require so much time to surface collect that it is feasible to 
collect only a sample of the material using the grid system. 
This kind of sampling procedure may often be avoided in 
favor of a 100 percent surface collection when the transit-
controlled technique is used. Our organization has encoun-
Practical Archaeology 
tered a number of such instances. Perhaps the most notable 
involved a late Intermediate milling station in the foothills of 
the Santa Ana Mountains, Orange County, California. The 
site is situated on a partially eroding terrace about 100 feet 
above Aliso Creek. Erosion, combined with many years of 
agricultural plowing, had resulted in the exposure of ap-
proximately 3500 cultural items spread over an area cover-
ing about two acres . Principal finds were chipped stone, 
ground stone, hammerstones, and fire-cracked rock. These 
were located and the artifacts collected using the transit-
controlled system. They were plotted using the iron bar and 
mylar protractor (fig. 1.4). Finds were very dense , and , 
consequently, separate categories of items were plotted on 
separate mylar overlays (fig. 1.5). 
The results were useful in two respects. First, the 
scatters of all items permitted us to accurately determine 
which portions of the site were heavily eroding and therefore 
which probably included a buried deposit. That is , those 
areas that yielded heavy concentrations of surface finds were 
deflated while those that did not were likely to retain 
depositional integrity. Subsequent excavation of a portion of 
the site confirmed this conclusion; therefore , excavations 
were concentrated in a small area where surface finds were 
sparse. An intact activity surface was eventually uncovered 
here (Van Horn and Murray, n.d. ). 
A reduction of the fire-cracked rock scatter is shown in 
figure 1.5. The plots for the chipped stone and ground stone 
items were similar in shape and density, with a single 
exception: the rather dense concentration of thermally al-
tered rock shown in the lower left-hand comer. Clearly, this 
concentration is not random, and it was interpreted as 
representing the former location of a roasting pit. Excavation 
of a unit within the concentration showed that the topsoil 
was less than 20 cm deep in this location, and plow scars 
were clearly evident in the hardpan below. The roasting pit 
would have almost certainly remained unknown to us had 
we not plotted out the location of each surface item. Also, it 
is evident that there was once at least one additional roasting 
pit, because of the scatter of fire-cracked rock on the right 
half of the plot. 
The usefulness of transit-controlled surface collection 
was again demonstrated at the Daon site (LAn-669) in Las 
Virgenes Canyon. This late Chumash camp consists of an 
entirely buried habitation area around a small spring, ac-
companied by surface scatters on a ridge and terrace to the 
south (Van Hom and Brock, n.d.). A reduction of the surface 
collection plot is shown in figure 1.6. The plot showed a 
series of four separate loci, and we drew circles of arbitrary 
radius around each. The range of transit coordinates encom-
passed by each circle was calculated and ascribed either a 
locus or non-locus status to each surface item collected. The 
character of the items found differed at each locus. Locus A 
yielded relatively few items, including a mortar fragment 
Van Horn and Murray • Transit-Controlled Surface Collecting 
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Figure 1.5: Map of the fire-cracked rock scatter at CA-Ora-486. Note the concentration at left center. Rectilinear areas are excavation units . (From 
Van Horn and Murray, n.d .) 
and a pestle; locus B included a preponderance of flaked 
items interpreted as pulping planes; locus C yielded a 
preponderance of manos and flakes; while locus D yielded 
an array of items, including a pendant fragmen t, a steatite 
bead fragment , a large sandstone grooved abrading stone for 
tool manufacture, a stone bowl fragment, and several pestle 
fragments. Excavation of a test unit at locus D yielded a 
number of small fused shale and chert pressure fl akes 
suggesting biface manufacture. 
The finds at locus D are more reflective of male-oriented 
activities, while those on the ridge to the south (A- C) 
indicate food processing or a female orientation. 'vVhatever 
the activities taking place at the four loci, each clearly 
represented an activity area, and actual habitation only took 
place around the spring, where excavation yielded ecofactual 
material in considerable quantities. An adequate picture of 
6 Practical Archaeology 
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Figure 1.6: Surface scatter at the Daon site (LAn-669). The habitation deposit is buried under recent sediments around the spring at the top. The 
original plot sca le is I inch = 40 feet. 
these activity areas could not have been developed if we had 
not plotted the find locations. The entire surface collection 
was performed by three individuals in one clay; the cartog-
raphy required only one person-day. 
A fast and inexpensive method, transit-contro lled sur-
face collecting produces in most instances more accurate 
results in less time and for less cost than the grid system. A 
measuring compass and measuring tape can be used in small 
areas where there are no obstructions; otherwise, use of a 
transit is best. However, the transit operator must use 
shortcuts in order for the collection to be performed with 
optimal efficiency. A well-controlled collection could virtu-
ally be replaced on the site without significant change from 
the original scatter configuration. 
Chapter 2 
Practical Mapping 
for the Field Archaeologist 
David S. Whitley 
M appingarchaeological sites ranks with taking field notes, completing excavation level records, and drawing stratigraphic profiles as an essential , 
albeit often tedious, part of data collection. The importance 
of this task is emphasized by publications devoted exclu-
sively to the ca rtography of major archaeological sites: the 
Teotihuacan Map (Millon, Drewitt, and Cowgill 1973) and 
the Chan Chan Map (1vloseley and Mackey 1974). Most 
archaeological mapping efforts are, luckily, not as monu-
mental as these examples, yet it can be said that the fieldwork 
on any site is never complete until the map has been made. 
The purpose of this short article is to provide a few practical 
pointers to the archaeologist faced with the job of making the 
map. It is based on my own experience as a clerk in a building 
supply store selling surveying equipment and as a freelance 
cartographer who has done archaeological mapping in Cali-
fornia , the Great Basin, and Mesoamerica. 
Archaeologists have too often been poorly equipped , in 
the literal and in the figurative sense, to make a quick and 
accurate fie ld map. Clearly, projects such as those of Millon 
and Mose ley require techniques more sophisticated than 
those discussed here. Howeve r, the vast majority of research 
and contract archaeology studies require relatively simple 
maps that can be made by the average ambulatory graduate 
student or the advance undergraduate in a few clays' time or 
less, and it is to this audience that the suggestions that follow 
are addressed. The chief considerations are of accuracy in 
mapping, budgetary considerations when buying mapping 
equipment , and, finally , shortcuts to planimetric data reduc-
tion. 
ACCURACY IN MAPPING 
A map is a generalization of reality. Except in rare cases, it is 
an approximation of geographical and cultural features and 
is not intended to be an exact rendering of their distribu-
tions. A map , therefo re, differs from a blueprint , which is a 
much more exact representation of an object . Consequently, 
there is a point at which an obsession with accuracy can 
become counterproductive, because of the limitations inher-
ent in the mapping equipment available to the average 
archaeologist, the human erro r that is always present in data 
collecting, and the error that is introduced when mapping 
data are reduced so as to sufficiently reproduce them as a 
page-size illustration. It is important to keep these last three 
factors in mind because they will determine the degree of 
accuracy that should be attempted in your mapping effort. 
I am reminded of a situation that is perhaps fami liar to 
many. A particular archaeologist made a series of maps of 
several sites that I was working at. We were digging 1 x 1 m 
pits and the archaeologist making the map dutifully mapped 
in each corner of each unit. Once the map was completed, 
the sides of each pit we re inked in. The result was a weird 
variety of trapezoidal shapes that were anything but the 
squares of the original excavation pits; yet, the pits were 
drawn exactly according to the mapping data. Why' The 
mapper would probably respond by stating that the pits 
were not square which, in this case, I know to be false. 
Rather, the equipment being used had an accuracy that was 
only within 1 foot per 100 feet (or , potentially as much as a 
30-percent divergence on each corner of a 1 m 2 pit). At the 
distances involved , accurate measurements of points 1 m 
apart would have required azimuthal readings taken to the 
second , while the transit employed was graduated only to 5-
second readings. 
The point here is that a good field mapper recognizes the 
limitations of his equipment, his own limitations in accu-
racy, and the ultimate use to which his mapping data are to 
be put. On a site of any size (for example, over 30 m in any 
direction) that is to be illustrated on an 81/2 x 11 inch page , no 
real detail can be provided for any feature that is only a meter 
square in size. A 1 x 1 m pit , for example , need only be 
mapped at one point (for example, in its exact middle or at 
a specific corner) and rightly should be illustrated as a point 
symbol (for example, a rectangle , a small dot , a star, or a 
triangle) on the final map. To do otherwise is to imply an 
accuracy that probably has not been achieved . 
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lions. My on ly reservation is their quality: they are unabash-
edly bottom-of-the- line instruments, and I have some doubt 
abo ut their ability to wi thstand the use and abuse they would 
suffer d uring the average field schoo l. On the other hand , the 
average transit gets used by its archaeological p roprietor 
only for a short part of any give n season. So with some extra 
caution in handling, the ut ili ty transit should suffice as a 
mapping instrument for some time. 
The second option is to shift to a lesse r instrument, but 
purchase a top-of-the- line model. By lesser instrument I 
mean a builder's level, which is created forob taining read ings 
on a horizontal plane. Lietz, Be rge r, and Davi.cl W hite, 
however, sell models that are level-transits, which is to say 
that they a re supplied with horizontal and vertical verniers, 
a magnetic compass, and stadia reticles in the eyepiece. 
Consequently , these instruments have a ll the features of the 
utility transits and comparable degrees o f accuracy. Because 
they are classed as levels rather than transits, per se, they are 
substantially cheaper. Additi onally, they are somewhat more 
rugged and better built than the utility transits, in the sense 
that they are top-of-the-line leve ls. The David 'v\/hite Model 
S-830 7 can be used at distances of up to 400 feet and retails 
for just under $600 ; Berge r has mod els costing around $650 
(l-.1Lodel 504 , with an optical plummet) and $500 (No. 3234); 
and Lietz supp lies a level-t ransit fo r less than $500 (Model 
200). I use the David W hi te S-8307 , and I am convinced that 
it is the perfect instrument fo r the archaeologist. lts only 
limitation is the distance fac tor, but l have found that it is rare 
that measurements a re needed in excess of 100 yards. The 
David W hite level-transit is easy to set up , can be used for 
readings to 5 minutes, is very rugged and , unli ke a transit, 
once it is leveled does not have to be relevelecl after each 
reading. 
lf a trans it is to be used , a stadia o r leve ling rod is also 
required. There a re many b rands and va rieties o f these 
ava ilable. Both Mound City and Lietz offer te lescoping, 
fiberglass rods that a re quite an improvement ove r tradi -
tional wood or aluminum models. 'v\/hoeve r is ass igned the 
task of hold ing and carrying the rod will ap p reciate the 
lightness and portability o f the fib erglass rods. Additionally, 
although they are somewhat more expensive than the chea p-
est rods on the market ($ 100 ve rsus $80), they are cheaper 
than both the metal-faced and aluminum rods, and they will 
probably ho ld up as we ll. 
The basic mapping kit , then, is a Brunton compass , a 
good tape, and a book o f stadia reduction tables, for a to tal 
cost of less than $300 . Fo r more complicated , sophisticated , 
o r longe r m apping jobs, a transit and stadia rod can be 
added. Based on the Dav id W hite level-transit with a metal 
tripod and a fiberglass rod, an additional $800 to $900 can 
be spent. This to tal of about $1200 is half the cost of the 
average transit yet provides a flexible, rugged , and suffi-
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ciently accurate set of mapping tools fo r archaeological 
purposes . The kit does not have the luxury featu res of the 
$2500 transit but contains everything needed fo r 99 percent 
of all archaeo logical mapping chores. 
MAKING THE MAP 
l have mentioned that a Brunton , a stadia reduc tion table, 
and a tape can be used to make a contour map. He re I would 
like to brie fly illustrate how this is clone. This approach 
provides a real shortcut to planirnetric mapping that is particu-
larly useful , for example, in making maps quickly while 
surveying. The use of the stadia reduction table can also be 
applied to mapping with a transit, and it will be found that this 
method will result in more rapid and accurate map m aking. 
The first procedure in contour mapping with this equip-
ment is to measure the ground surface distance between the 
mapper at the datum and the feature or point to b e m apped . 
Remember that in terms o f making a planimetric m ap of part 
of the earth's surface (which , of course, is round), the ground 
surface distance is the equivalent of the circumference of a 
sphere . To make a planimetric map we are o nly really 
interested in the diameter of the sphere, not its circumfer-
ence. Hence, the ground surface distance between the datum 
and the point to be mapped must be reduced to the h orizon-
tal distance between the two points or their distan ce apart "as 
the crow fli es ." 
Reduction to a horizontal plane requires two pieces of 
information , one o f which is the ground surface distance that 
has been obtained with the surveyor's tape. The other piece 
of information is the vertical angle o ff the horizontal plane of 
the point being mapped relative to the d atum ; in other 
words, where the point lies relative to being either above or 
below the datum/horizontal datum plane. The Brunton can 
be employed to measure this ve rtical angle, using the vertical 
vernier and long-level (or vial level). Complete instructi ons 
fo r taking vertical angles or slope measurements are in-
cluded with Bruntons and will not be repeated here in detail. 
Briefly, however, this p rocedure involves sighting in the 
feature, or directly above the feature, at a height equal to your 
eye's height , moving the vertical ve rnie r with the small crank 
on the back of the compass case until the long-level is 
h orizontal (position the mirror so that you can see when this 
occurs) , and taking the vertical reading from the vernier. Note 
that the vertical angle off the horizontal plane is not the same 
thing as the slope between two points. Slope is measured in 
percent, with 100-percent slope the equivalent of a 45° angle. 
For the sake of illustration , suppose that we are inte r-
ested in mapping in a feature that we have measured and 
found to be 100 feet from the datum. Using the Brunton , we 
have determined that its vertical angle is -5°. Both of these 
pieces of in fo rmation took roughly a few minutes to 
determine. To place the feature on the map , we must 
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determine its planimetric distance from the datum, the 
difference in elevati on between the datum and the point 
being mapped, and , of course, the direction of the object 
from the datum. 
A much abbreviated stadia reduction table is presented 
in table 2.1. This table provides the horizon tal co rrection 
and difference in elevation for selected ve rtical angles al a 
distance of 100 feel. Going clown the verti cal column on the 
left until the 5° row is located , it can be seen that 100 feet of 
ground surface shou ld be reduced 0.8 foot for the planimet-
ric or horizontal distance, and that the difference in elevation 
between the datum and the feature is 8. 7 feet. Since our 
vertical angle is negative (that is, down as opposed to up), 
this difference in elevation is also negative. Hence, the 
feature should be plotted on the map as 99 .2 feet from the 
datum and 8 . 7 feet lowe r than the datum. The Brunton 
compass can , of course , also be used to take the azimuthal 
direction of the feature from the datum. 
A complete contour map can be made following this 
procedure. ln the sense that a tape is more accurate than a 
transit and a stadia rod for measuring ground surface 
distances, this contour map can actually be more accurate 
than many transit/stadia maps. Additionally, it should be 
obvious from the above example that horizontal reduction 
factors are usually small-so small , in fact, that they often 
cannot be shown on the fin al map given the scale at which 
it is usually drawn . This argues for the notion of the Brunton; 
although less exact than a transit for taking vertical angles, it 
can provide adequate readings of the vertical angle when 
distance measures are the primary concern. On the other 
hand , the t ransit w ill allow yo u to measure this ve rtical angle 
more accurately and thereby give you a better determination 
of the difference in elevation between any two points. For 
most archaeological applications, howeve r, the Brunton, 
tape, and stadia reduction tables provide an accuracy that is 
completely adequate, particularly when the generalization 
that is required for reduction of the map to an 8 1/2 by 11 inch 
size is considered. 
The stadia reduction tables can also, of course, be used 
for reducing data deri ved from a transit and stadia rod or, 
more preferably, a transit , rod, and tape. The tables will 
greatly accelerate the speed at which the fin al map is made, 
and by using them your accuracy will be equal to that of most 
civil engineers . 
1'.fapping archaeological sites is not a particularly diffi-
cult task, although it is sometimes tedious and is too often 
relegated to someone ill-p repa red to do an adequate job. The 
most important thing that an archaeologist can do to prepare 
for this task is to determine 'Nhat the accuracy needs are for 
the spec ifi c jOb in question , and then choose the proper 
equipment to mee t that leve l of accuracy. Mapping in the 
exact prove nience of artifac ts, for example, is a relative ly 
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Table 2 .1 Stadia reduction tables for selected angles. 
Stadia Reduction for reading 100 fe et 
Vertical correction Horizontal elevation (ft) Difference in angle 
2°-00' 0.1 3.5 
3°-00' 0.3 5.3 
4°-00' 0.5 7.0 
5°- 00' 0.8 8.7 
6°-00' 1.1 10.4 
7°-00' 1.5 12.1 
8°-00' 1.9 138 
9°- 00' 2.5 15.5 
10°-00' 3.0 17.l 
10°-30' 3.3 17.9 
11 °-00' 3.6 18.7 
11°-30' 4.0 19.5 
12°-00' 4.3 20.3 
12°-30' 4.7 21.1 
13°-00' 5. 1 21.9 
13°-30' 5.5 22.7 
14°-00' 5.9 23.4 
14°-30' 6.3 24.2 
15°-00' 6.7 25.0 
15°-30' 7.2 25.8 
16°-00' 7.6 26.5 
16°- 30' 8. 1 27.2 
17°-00' 8.5 28.0 
17°-30' 9.0 28.7 
18°-00' 9.5 29.4 
18°-30' 10. l 30. 1 
19°-00' 10.6 30.8 
19°-30' 11.2 31.5 
20°-00' 11.7 32.1 
20°-30' 12.3 32.8 
21°-00' 12.8 33.5 
21°-30' 13.4 34. l 
22°-00' 14.0 34.7 
22°- 30' 14.7 35.4 
23°-00' 15.3 36.0 
23°-30' 15.9 36.6 
24°-00' 16.5 37.2 
24°-30' 17.2 37.7 
25°-00' 17.9 38.3 
25°-30' 18.6 39.0 
26°-00' 19.2 39.4 
26°-30' 19.9 39.9 
27°-00' 20.6 40.5 
27°-30' 21.3 41.0 
28°-00' 22.0 42.0 
28°- 30' 22.8 41.9 
29°-00' 23.5 42 .4 
29°-30' 24 .3 42.9 
30°-00' 25.0 43.3 
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difficult task that sometimes cannot be achieved with a 
transit and stadia rod alone. On the other hand , the 
mapping of most sites can be hand led using simple 
equipment, such as a Brunton compass, a surveyor's 
tape, and a stadia reduction table. Given the size of most 
archaeological maps in their published form and the amount 
of generalization that is re qui red for maps of such scale, these 
tools can be used to obtain mapping data that are sufficiently 
accurate, and, in certain cases, will be more accurate than maps 
made with more sophisticated and expensive equipment. 
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Author's note . Encased tapes are most commonly used 
largely because they are the most readily ava ilab le. To 
find tapes on reels , stadia reduction tables , and the like, 
try building supply yards that stock surveying equip-
ment or look under "Surveying instruments" in the 
yellow pages. Lacking access to a big city, you should try 
mail order. l recommend the Ben Meadows Company, P.O. 
Box 2781, Eugene, Oregon, 97402, or 3589 Broad St., 
Atlanta (Chamblee), Georgia, 30366. They are relatively fast, 
provide a complete catalog, and guarantee what they sell. 
Chapter 3 
A Method for Effectively Screening 
Some Clay Matrices 
David M. Van Horn, John R. Murray, and). V. Linscheid 
A new archaeological field technique was deve-loped during the excavation of a portion of a prehistoric quarry site located in the foothills of 
the Santa Ana Mountains in California. The site, designated 
Ora-507 , is characterized in part by a very pure clay matrix 
that contains quantities of chipped stone cores and debitage 
(Van Hom and Murray, n.d .; Van Hom 1986). The purpose 
of this article is to describe the method we used to screen the 
clay efficiently in order to recover the flaked stone. 
Initial testing at Ora-507 was conducted in 1977 under 
the supervision of Roger]. Desautels (Scientific Resource 
Surveys, n.d .). Testing was performed by digging a series of 
backhoe trenches and excavating 3-cm2 column samples 
from the walls of the trenches. Excavation was extremely 
difficult in portions of the site because the matrix comprises 
a very pure , greasy, black clay. We later lea med that this soil 
is known to geologists as Bosanko clay. It is described as: 
. dark gray (lOYR 4/1) clay, black (lOYR 211) 
[when] moist; moderate very coarse prismatic struc-
ture; extremely hard, firm, very sticky and very 
plastic . .. mildly alkaline . .. (Wachtell 1978: 15). 
The clay has such extraordinary adhesive and plastic quali-
ties that conventional screening techniques are rendered 
useless. Dry screening was of no avail whatsoever, and 
several days were required to hydraulically screen two 30 x 
30 cm column samples. It became clear that prohibitive time 
and expense would be entailed in attempting to screen a 
substantial quantity of the clay using conventional methods. 
DEVELOPMENT OF THE METHOD 
Possible alternatives to screening were investigated by con-
tacting an individual experienced in clay quarrying. We 
were told that mechanical means are normally used for 
mining clays but sodium carbonate (Na2C03) had been used 
at times. This led us to contact individuals who had some 
familiarity with soil chemistry (K. D. Bergin, personal 
communication; R. Schafer, personal communication). Clays 
are composed of particles that are less than 5 microns in their 
maximum dimension and are frequently almosl totally im-
permeable to plain water because the spaces between the 
clay particles are hardly larger than a water molecule. 
Furthermore, many clays derive their cohesive character 
from a delicately balanced network of electrical charges 
carried by the clay particles. The particular clay we were 
dealing with was probably a montmorillonite that character-
istically consists of thin sheets of silica and aluminum bound 
together by calcium ions (Ca•; C. Sterling, personal commu-
nication). To eliminate the cohesive property of the clay, it 
is necessary to introduce an ion that will replace the Ca•. It 
was thought that sodium carbonate might achieve this end 
by introducing a sodium ion (Na++). 
There are many other known chemical means for ac-
complishing this result , but these are normally intended for 
laboratory use and entail handling hazardous and/or expen-
sive chemicals . All of the individuals with whom we con-
sulted recommended practical experiment with sodium 
carbonate and various common household chemicals 
(bleaches, detergents, and so forth) to determine which, if 
any, might work best. 
Consequently, we collected a sample of the clay from 
Ora-507 and returned to the laboratory. We had no sodium 
carbonate on hand, but Mr. Bergin informed us that sodium 
bicarbonate (NaHC03, household baking soda) would do as 
well. At first, we simply immersed one lump of the clay in a 
bowl of ordinary tap water and another in a bowl of sodium 
bicarbonate solution. Bubbles appeared on the surface of the 
clay immersed in the solution, and within a few minutes the 
lump began to disintegrate with no agitation required. The 
lump in the plain water remained unchanged. This initial 
success led us to attempt to duplicate an actual field situation 
on a laboratory scale. 
A tank would clearly be required to treat the clay in the 
field. We originally planned to use 55-gallon drums cut in 
half lengthwise, forming two tanks, estimating that the 
capacity of each tank would equal 27.5 gallons (less 2.5 
gallons of freeboard each). We calculated that one-half of a 
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Figure 3.1: The initial experiment. Clay from Ora-507 is chemically broken down. a, 8.4-cm cube of clay. b, cube after being cut up and immersed in 
the NaHC03 solution. c, breakdown after I 0 minutes. d, breakdown after 4 hours. 
10-cm level of a 1 x 1 m excavation unit could be processed 
in a single tank. Reducing these volumes to a convenient 
laboratory scale, we calculated that the ra tio of a single cube 
of clay measuring 8. 4 cm on a side is to l liter of water as soil 
from 1/i of a 10-cm level of a 1 x 1 m excavation unit is to 25 
gallons of water. The cube was formed , cut up , and placed 
in 1 liter of water mixed with 20 gm of NaHC03 (fig. 3 1). 
Agitation of any kind was carefully avoided . After 10 min-
utes, the clay had visibly deteriorated and, after 4 hours, 
deteriorated completely. 
Additional experiments were subsequently conducted . 
One entailed substituting sodium carbonate for sodium 
bicarbonate (the former being somewhat less expensive) , 
and using deionized water. Addition of various readily 
available household chemicals, including ammonia , hydro-
gen peroxide, chlorine bleaches, boron compounds, and 
phosphate-containing detergents, were tried with no im-
provements over the results of the initial experiment. We 
were somewhat surprised that the sodium carbonate did not 
work as well as the bicarbonate. We later consulted Sterling 
(personal communication) , who suggested that the carbon 
dioxide bubbles were forming a mild carbonic acid (H2CO) 
in the solution . Additional experiments showed that the ra te 
of clay disintegration seemed to be directly proportional to 
the density of the sodium bicarbonate solution. Conse-
quently, a saturated solution was used in the field (approxi-
mately 80 gm of NaHC0 3 per liter of water) . 
INITIAL FIELD APPLICATION 
Constructing the clay p rocessing equipment was a relatively 
simple matter. We discovered that 33-gallondrums were not 
expensive and readily available at local wrecking yards; 
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Figure 3.2: Showing screen construction. Thirty-three-gallon drum 
dimensions will vary somewhat. Use caution in cutting and measuring. 
therefore, several of these were purchased and cut length-
wise using an acetylene torch. A cardboard template of the 
vertical cross section of the tank was used to construct 3/4-inch 
plywood ends for the screen frames (fig. 3.2). The ends were 
cut so that there would be about 2 inches of clearance 
between the bottom of the screen and the bottom of the tank 
to permit broken down clay to build up after passing through 
the mesh. The remainder of the screen frame was built from 
2 x 2 and 1 x 2 inch stock, as shown in the illustration. One-
eighth-inch galvanized steel mesh was stapled to the screen 
frame. The completed screens fit into the tanks so that clay 
from the excavation units could be placed in the screens to 
soak in the solution. 
Slightly more than 3 m3 of clay were screened in the field 
using the bicarbonate solution. 'vVe discovered that an entire 
10-cm level from a l -m2 excavation unit could be placed in 
from six to eight tanks, depending on the amount of clay 
placed in each. When working well , the solution causes 
carbon dioxide bubbles to be givenoff (fig. 3.3a). It completely 
broke down the purest clay in approximately 40 minutes 
with no agitation, although we found that stirring with a 
wooden paddle constructed for this purpose increased the 
speed of the process. We also found that it was useful to 
break the clay into small (approximately 10 cm) lumps 
b 
Figure 3.3: Two views of the processing equipment in use in an 
archaeological field context. 
before immersion to expose more surface area. 
Broken down clay left a wet, sandy mud in the bottom 
of the screen. The screen was removed and placed at a tilt 
against the side of the tank (fig. 3.3b) . The muddy residue 
could be sprayed through the mesh in seconds using water 
under standard pressure from a garden hose fi tted with a 
spray nozzle. The artifacts remaining in the screen were 
cleaned and removed for drying. While an entire 10-cm level 
could be processed in a 40-minute period , a two-person 
team working a single excavation unit required only four 
tanks to keep busy with the digging and screening. 
The bicarbonate solution could be used repeatedly with 
no loss of effectiveness. In fact, the solution seemed to 
improve with use . We now believe that Sterling's hypothesis 
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regarding formation of a mild carbonic acid in the tank is 
probably correct. Each time a new load of clay is placed in a 
tank, additional ca rbon dioxide bubbles through the solu-
tion, thus strengthening its carbonic acid content. In any 
event, the 2 or 3 inches of sludge formed in the bottom of 
each tank after processing three or four loads was simply 
shoveled out, taking care to lose as little of the solution as 
possible. 
Use of the bicarbonate solution permitted 100 percent 
recovery of solid objects larger than 1/a inch in their mini-
mum dimension. The method has proved so effective that we 
have since applied it at several other archaeological sites. 
SUBSEQUENT FIELD APPLICATIONS 
In 1980, CA-Ora-839, a coastal shell midden on a bluff 
'overlooking the Santa Ana River near Newport Beach , was 
archaeologically tested . The midden contained little clay and 
required only plain water to screen . However, under the 
midden we encountered a ve1y hard red clay that appeared 
to be totally unlike the clay at Ora-507. We were uncertain 
as to whether this clay contained cultural material, though 
none was evident. To make certain , we excavated into the 
clay using the bicarbonate soaking solution to screen the 
backclirt . 
The solution worked ve1y well and resulted in the 
recovery of an entirely new pre-shell midden phase of the 
site. Cultural material extended into the red clay stratum to 
a depth exceeding 1 m below the midden. It is unlikely that 
any cultural material whatsoever would have been recovered 
using conventional screening techniques. This is because the 
finds in the clay were restricted to pressure flakes and 
occasional fish vertebrae which would probably not have 
been found were 100 percent of the excavated clay not 
screened using the new system. 
A second application of the bica rbonate screening solu-
tion was carried out in 1980 at LAn-669 , a late prehistoric 
inland campsite in the Conejo Valley next to the Los Angeles/ 
Ventura County line. Here the clay resembled the montmo-
rillonite type familiar from Ora-507 . The only problem was 
that there was no pressurized water supply anywhere near 
the site. In the past, we had obtained water by using up to 
2500 feet of3/4-inch garden hose. However, even this length 
was inadequate to deliver water to LAn-669. Adequate 
volumes of water under pressure (approximately 20 lb/in2 at 
minimum) are absolutely essential to the effective use of the 
screening solution. 
We rented a water truck fitted with an 1100-gallon tank 
from a local equipment firm (fig. 3 .4). We also requested that 
the local water district place a meter on the nearest fire 
hydrant , which was less than a mile away. We filled the 
water truck from the hydrant using a 2.5-inch firehose 
(hydrant meters often have a 3-inch outlet, and it is neces-
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Figure 3.4: Two views of the bicarbonate screening method using a 
portable watertank truck and gas-operated centrifugal pump in the fie ld. 
sa1y to rent an adaptor to reduce the outlet size to the hose 
connection size) . The hydrant supplied sufficient water to 
fill the truck in approximately 20 minutes. 
Water was removed from the truck by connecting the 
truck's 1.5-inch outlet to a portable 3-hp centrifugal water 
pump using 1.5-inch plastic irrigation hose . The system is 
self-priming, since opening the valve on the water truck 
outlet permits water to fill the impeller housing of the pump. 
The discharge outlet of the pump (1.5 inches) was reduced 
to a garden hose connection using a series of PVC plastic pipe 
connections, and the opposite encl of the garden hose was 
fitted with a trigger- type nozzle so that the operator could 
spray at will . The pump can be left running at all times, 
regardless of whether the water is being used. We found that 
the truck would supply about one clay's worth of water for 
a 1 x 1 m excavation unit. Water pressure was more than 
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adequate to drive the sludge from the screens in 2 or 3 
minutes, leaving the contents of the screen clean. 
One unit was to be placed near a spring, but this area 
was inaccessible by water truck. Consequently, next to the 
spring we set up a smaller (2.5 hp) centrifugal pump fitted 
with a sump. A hole was dug for the sump, providing a 
reservoir in which the spring water could collect. The 
discharge outlet of the pump was fitted with a garden hose 
as described above. At first , we tried spraying plain water on 
the soil in a standard shaker screen, but this system failed 
due to the adhesiveness of the wet soil. Therefore , a series of 
bicarbonate tanks was set up , vvhich afforded an excellent 
degree of recove1y. 
Although it may sound somewhat elaborate , all this 
equipment was portable and easy to use; in fact, it was 
packed up and removed many miles from the site each night. 
DRAWBACKS TO THE 
BICARBONATE SCREENING METHOD 
The bicarbonate solution screening method does neverthe-
less suffer from some disadvantages . First , the system leaves 
the excavator without dirt for backfilling. The problem can 
be solved by obtaining fill elsewhere and transporting it to 
the site in a small pickup truck. 
Second, the process apparently removes the calcium 
from the soil. The residual sludge is also quite fine-grained 
and dries in hard sheets , which may account for the fact that 
plants do not grow well in soils that have undergone the 
screening process. Careful selection of the screening location 
in advance of the actual work may obviate this problem. 
The effects of the process upon potential carbon samples 
are unknown. This matter was discussed vvith Mr. P. Stota of 
the Radiocarbon Laboratory of the University of California, 
Riverside (personal communication). He suggested that the 
solution would probably not adversely affect organic carbon 
compounds characteristic of such materials as wood, charcoal, 
and bone. The carbonic acid in the solution would affect 
inorganic carbonates such as are found in marine shell. 
However , there is some question as to whether even this 
chemical action would adversely affect the sample, given 
that such carbonates are normally removed from the sample 
before C-14 analysis. Clearly, some practical experiment is 
required to resolve the question. 
Finally, and most important, it is not known whether 
the solution will work effectively on all types of clay soil. Our 
experiments have been restricted to coastal southern Cali-
fornia clays , and we have no basis for judging how effective 
the bicarbonate solution would be in treating clays else-
where. To resolve this question , an investigator need only 
obtain a sample of the soil from the prospective site and place 
it in a bowl of water with baking soda-. 
COSTS 
The cost of using the bicarbonate solution screening process 
is low once the basic equipment has been built. Steel drums 
can be easily purchased from local salvage yards for a 
marginal cost (approx. $5 per drum). The raw materials for 
constructing the screens cost less than $10 per screen, 
although construction may take several hours per frame and 
a minimum of four would be required to excavate a single 
1 x 1 m unit. Sodium bicarbonate is available in SO-pound 
bags from industrial chemical supply outlets. A bag costs 
approximately $30 and should supply sufficient solution to 
process about 1 m3 of clay. If a water source is available, these 
items , as well as a 314-inch garden hose and a spray nozzle , are 
all that are needed. 
If water is not available, the process becomes somewhat 
more expensive because a water truck of the type described 
above must be rented and the operator must supply his ovvn 
water. A centrifugal pump costs about $500 to $600 , though 
once purchased it will be available for future use. Gasoline 
and pipe fittings also add to the cost. 
Use of the bicarbonate solution on appropriate clays 
permits 100 percent recovery of all solid objects of any size, 
depending on the screen mesh size. The solution is nontoxic 
and presents no hazard to the safety of the excavation staff. 
The process is relatively inexpensive and can be performed 
by anyone with readily available materials. It is so effective 
that, in one instance, it enabled us to find cultural material 
in a clay matrix where none was visible and where it is 
unlikely that any would have been found using conventional 
screening techniques. 
ADDENDUM 
Innovations in salvage excavation methods have included 
development of techniques for conducting controlled 
machine excavations (Van Horn 1988). In the spring of 
1988 , we salvage excavated a portion of LAn-420 near 
Los Angeles by machine. This generated a great deal of 
clayey loam soil that contained prehistoric cultural material. 
Although the soil was not as difficult to screen as the 
montmorillonite clays described above, it contained a suffi-
cient admixture of clay to render dry screening impracti-
cable and wet screening vvithout bicarbonate cumbersome. 
We built equipment that could presoak the backdirt in 
a mild bicarbonate solution before screening. Almost 30 m3 
of clayey soil were successfully processed using a large drum 
supported by an A-frame-shaped stand placed at either 
end (fig . 3.5). The system, which requires two operators 
and a small tractor fitted with a loader bucket, works as 
follows: 
1. Place about 30 gallons of water and a 5-pound coffee 
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can full of sodium bicarbonate in the drum (more 
bicarbonate may work better on tough clays) . 
2. Using the loader, place a maximum of 0.5 yd3 of 
backdirt into the drum via its rectangular opening. 
Use a shovel to stir the mi,,aure and use the loader 
bucket as a sca ffold. 
3. Let the solution stand for at least 20 minutes. During 
this period , the crew screens, sorts, and records the 
finds from the previous load . 
4. Chain the drum to the loader in such a way that 
raising the loader arms causes the drum to rotate. In 
this way , the contents of the drum are emptied into 
the screen . 
5. One operator then reloads the drum while the other 
Figur·e 3.5: Processing the clay. The drum chained to the loader bucket washes the dirt through the screen . 
is rotated by raising the loader arms. The operator has begun washing 
dirt through the screen. The truck suppli es the water. 
Figure 3.6: Interior of the drum showing I -inch pipe struts. 
We screened two or more cubic meters of backdirt per day 
at LAn-420 using this system. Any size screen mesh can be 
used with excellent results. 
Professional fabricators built our drum from an old 3/ 16-
inch steel insecticide tank. The interior is reinforced with a 
1-inch steel pipe that runs the length of the drum and is 
welded to the cente r of either end (fig. 3 .6) . One-inch pipe 
spokes radiate from the central pipe to supply additional 
interior strength . 
The A-frame supports are made from 4-inch steel chan-
nel. The drum rests on grooved axles that extend out from 
the center of ei ther end. These axles are inserted into 
keyhole-shaped openings in the tops of the supports. Of 
course, other designs are feasible-·we settled upon this one 
partly on the basis of the materials we happened to have on 
hand at the time. 
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Chapter 4 
Laboratory Automation 
Computer-Linked Measurement Devices and Videomicroscopy 
L. Mork Raab 
C ontemporary archaeology encompasses widespread application of microcomputers and other elec-tronic data-gathering devices in the office, lab, and 
field . Although these applications signal archaeologists' re-
ceptivity to technological advances, the resulting benefits are 
not automatic. As Dibble and McPherron (1988) point out, 
productive application of microcomputers and other tech-
nologies requires careful planning, thoughtful integration of 
technology and research activities, and appropriate tailoring 
of technological app lications to research objectives. These 
authors identify three areas that require attention: 
. . . the various research components of an archaeologi-
cal project are divided into the three major functions 
of acquisition, data storage and integration, and graphic 
display for analysis. Acquisition is the process of 
making ce rtain observations about the materials and 
entering them into the computer. Given that the 
choice of variables is being dictated by the research 
design, the role of the computer in data acquisition 
should be focused on speed , ease of use , and accuracy. 
The second function concerns integration of those 
data. This is probably the single most important role 
that a computer can play in an archaeological project, 
although successful integration demands careful orga-
nization of the data according to clearly-defined stan-
dards of data formats and program operations. The 
third function is analysis, which includes statistical 
and graphic treatment. .. (Dibble and McPherron 1988: 
432). 
This overview offers valuable insights, but consideration of 
the data acquisition phase of project automation can profit-
ably consider two additional points. First, emphasis on data 
integration as "probably the single most important role that 
a computer can play in an archaeological project" may be 
misleading. Integration of information into usable forms 
clearly is an essential component of project automation. This 
objective should not , however, obscure the fact that inad-
equate data acquisition techniques limit the potential vari-
ety, quantity, and accuracy of data available to researchers. 
These limitations remain, regardless of how well integrated 
the data may be. 
Second , off-the-rack software and hardware products 
can provide for many of the archaeologist 's needs (O'Neil 
1984), but there is also a role for development of automation 
systems that employ products not readily visible in the 
technology market place or that require development by 
archaeo logists themselves . This discussion considers the 
importance of data acquisition, along with performance 
criteria for data acquisition systems. Examples of such 
systems are discussed . 
IMPORTANCE OF DATA ACQUISITION 
As Dibble and McPherron note, the term "data acquisition" 
simply means observing and recording the attributes of 
artifacts or other materials of archaeological interest. Mea-
suring the dimensions of a projectile point , weighing a 
sample of marine shell, or identifying the species of a fish 
vertebra are all forms of data acquisition. The simplicity of 
these activities can be deceptive in relation to their costs and 
consequences for a research project. vVhen such tasks must 
be repeated hundreds or thousands of times, the researcher 
faces a considerable challenge. Although attention often 
tends to be focused on the ways that data can be manipulated 
(the integration and analytic phases of automation), the costs 
of data acquisition are often equal to or greater than that of 
data manipulation. It is worth emphasizing again that the 
limits and cost-e ffectiveness of research are conditioned by 
this reality in a world of finite research resources: 
• Regardless of the degree of diligence employed , repeti-
tive manual data acquisition leads to errors. Each time 
data must be copied manually, more time is lost and 
more errors are produced. 
• Technological advances should ease the burden of 
repetitive, boring work. Researchers perform their 
jobs more productively if they are relieved of fatiguing, 
mindless work. 
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• All things being equal, as the cost of research increases 
(time, effort , money) the less research will be done. 
Some kinds of data collection may be too difficult to 
attempt wiLh inefficient data acquisition techniques , 
despite the fac t that important research questions 
might be add ressed with more adequate information. 
These limitations impose intellectual costs. 
• Technologically advanced equipment is expensive. 
But what are the real costs of information7 Inefficient 
data-gathering may impose labor costs that are actu-
ally greater than investing in more advanced tech-
niques. 
The automation systems described below alleviate these 
problems (Raab and Edmondson 1989) . It should be em-
phasized that the author has no commercial or proprietary 
interest in these systems. The Lab Assistant computer pro-
gram described below and various digital measuring devices 
are currently in use in several universities, museums, and 
private agencies. Other products may serve as well, but the 
author has made no systematic efforts to identi fy or evaluate 
them. All products protected by copyrights or registered 
trade names are listed in an end note. 
During the last four years, the Center for Public Archae-
ology, Cali fo rnia State University, Northtidge has been 
engaged in excavations of prehistoric sites on San Clemente 
Island, Califo rnia (Raab and Yatsko 1990). This research 
involves analysis of shell middens. Many classes of arti fac ts, 
including small debitage, stone tools, faunal elements, and 
shell beads, must be cataloged and identified as a prelude to 
statistical and graphic analyses. A variety of information 
must be recorded, including artifact types , material types, 
provenience designations, mesh sizes of recovery screens, 
identity of fauna! elements, weight , and dimensions. Three 
automation techniques have proved useful. One technique 
is computerized cataloging of artifac ts. A second technique 
allows one to "paste" data into documents created by popular 
software programs. A third technique allows information to 
be collected with high-resolution videomicroscopy. 
AUTOMATED CATALOGING 
Generating a catalog of artifacts is a central task of the 
archaeological lab. The computer and related peripheral 
devices are ideal for handling many of the routine, repetitive 
tasks involved in cataloging. A good deal of error and 
inefficiency is avoided with a system that allows the com-
puter to capture both metrical and character-string (text-
based) data directly. These capabilities are consonant with 
the advantages of automated data acquisition identified by 
Dibble and McPherron (1988:432) 
First, direct entry at the time the observations are made 
obviously eliminates a separate data entry phase. Depending 
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on the complexity of the observations, direct entry can result 
in a significant savings of time and effort . Second, automated 
data entry is often fas ter because computers can keep track 
of certain information and can add it automatically. Third , 
the data entry programs can incorporate menus or other 
rapid means of substituting one keystroke for an entire 
value. Yet another major advantage has to do with checking 
errors. There is no doubt that virtually all errors that occur 
during data entry are human ones. There are two \Nays to 
minimize this problem. One is to reduce the human role: to 
let the computer perform as many tasks as possible by itself, 
calling fo r human input as little as possible. The second way 
is to verify incoming data to ensure that they conform to 
predefined standards. 
These advantages are useful performance criteria for 
designing a data acquisition system. Electronic measure-
ment devices, linked directly to the computer and combined 
with appropriate software, can play an important part in 
such a system. A wide variety of electronic measurement 
instruments, such as weighing balances and sliding calipers, 
can communicate directlyvvith microcomputers. This "direct" 
communication requires, however, appropriate software 
(and sometimes additional hardware) for the computer to 
"understand" the information sent from the instruments. On 
this account, progress has been less encouraging for users of 
small computer systems. Some manufacturers of digital 
measuring instruments can provide software for connecting 
their wares to the computer, but these programs are expen-
sive and designed typically for automating a complex indus-
trial lab. 
For the author, the answer to this problem was collabo-
ration vvith a computer programmer-archaeologist (Raab 
and Edmondson 1988) to develop a system of hardware and 
software for automating the lab, including connection of 
digital instruments to the computer. This program was 
written for IBM-compatible (MS DOS) computers because 
equipment of this type was already available and also be-
cause of the relative ease of configuring the hardware of this 
machine type. The heart of this system is a computer 
program dubbed the Lab Assistant. This program presents a 
series of user-defined data fields on the computer screen (for 
example, excavation unit designation, excavation level, arti-
fact type). The program supports as many as three work 
"windows," each of which is a separate work environment. 
Each active window produces a sequential database file 
that is written either to a .DIF (Data Interchange Format) or 
ASCII (American Standard Code for Information Inter-
change) comma-delimited file format, as the user selects. 
Data fields can be set up to accept input from digital 
measuring devices connected to the computer. Digital read-
out, Digimatic Series 500-215 sliding calipers (fig. 4.1), 
manufactured by the MTI (Mitutoyo) Corporation were 
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connected to the computer by means of a multiplexer 
(Model Mux-10; fig. 4 2) . This multi plexer accepts data 
input from one to three measuring instruments, simulta-
neously sending RS-232C f~rmat signals (the same signal 
protocol used by a modem) from each instrument to the 
computer's serial (RS-232C) port(s) . The Lab Assistant pro-
gram allows input from an instrument linked to one or more 
of the three work windows, or it can link more than one 
instrument to a given window. When a field in the program 
requires input from an instrument, the lab \NOrker merely 
measures or weighs an object of interest and then pushes a 
button on the instrument. This information is transmitted 
directly to the appropriate data field and written immedi-
ately into the data file. A precision electronic balance (MTI 
electronic balance Series 982) is employed with this pro-
gram as well (fig. 4 .2). The balance is equipped with an 
optional RS-232C card (installed inside the balance), allow-
ing the balance to be connected to a second serial port on the 
computer (the multiplexer being connected to the first serial 
port). This balance has a range o f 10 mg to 2 kg, with a 
precision of ±10 mg. 
In this way, data can be entered either by keyboard or 
directly by instruments (either kind of input can be selected 
for any data field). Even in the case of keyboard input , it is 
possible to gain considerable efficiency. A keystroke acti-
vates "pop-up" menus containing all necessary choices of 
excavation unit designations, excavation levels, artifact type 
descriptions, raw material classes, types of modifications to 
artifacts, and other important information (fig. 4 .3) . Charac-
ter-string information of this type can be selected quickly 
with each menu's "light bar" and sent directly to the appro-
priate data field. These menus help to achieve a high degree 
of consistency in artifact description and greatly reduce the 
"creative" spelling, proliferation of synonyms, and other 
problems that plague free- form data entry . These menus are 
simple ASCII files, easily modified with any ASCII text 
editing program. 
After each complete specimen or provenience record is 
entered , the program can automatically print on fan-fold 
labels fed through a dot matrix printer connected to the 
computer, summarizing all of the relevant data. In this way, 
a hard copy of each record is immediately produced and a 
label presented with which to tag the artifacts. We noted 
earlier that files created by the program are saved as either 
.DIF or ASCII text files . These file types are easily imported 
into virtually all of the many commercially available database, 
spreadsheet, or statistical analysis programs. The data are 
then available for a wide variety of analytical purposes. 
The computer hardware requirements for this system 
are relatively modest. Any true IBM-compatible equipped 
with at least 5 12 KofRAM , two serial ports (Com 1 and Com 
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Figure 4.1: Digital sliding calipers used to collect information with the 
Lab Assistant computer program. 
Figure 4.2: Precision balance and multiplexer connected to computer. 
The multiplexer is shown directly in front of the monitor. 
Figure 4.3: Close-up view of monitor, showing data fields used in the 
San Clemente Island archaeological field school. The pop-up menu for 
the excavation level data field is open, and a depth of 40 to 50 cm has 
been selected using the light bar. 
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2), one parallel port (LPT 1) , and one disk drive will run the 
Lab Assistant program. A hard disk is highly recommended , 
however, to make efficient use of the program's features. 
Experimen ts comparing entry of data from handwritten 
forms to the computer via the keyboard with data entered by 
the Lab Assistant show the latter to be 7 to 21 times fas ter 
than the for mer . The p rogram 's effect ive ness was 
demonstrated during three summer archaeological field 
schools on San Clemente Island, California, between 1988 
and 1990. A field lab containing two computer~, each of 
which vvas connected to two sliding calipers and a precision 
balance, fo rmed the nexus of lab operations. Excavation 
crews fo llowed a schedule that brought them into the lab 
each third or fourth clay, at which time they cataloged the 
arti fac ts that they had recently excavated . 
This system was particularly helpful in measuring the 
weight and dimensions of all excavated debitage (waste 
flakes from stone tool manufacture), one of the most abun-
dant types of artifac ts. Working with an electronic balance 
and sliding calipers linked to the computer, weight and 
dimensions of a piece of debitage could be entered in well 
under 1 minute. Completed project catalogs contained total 
entries of between 20,000 and 40 ,000 specimens. Statistical 
analysis was initiated on some classes of artifac ts befo re the 
encl of each season. The problem of taking uncataloged 
arti fac ts from the field was also avoided. When this occurs, 
proper cataloging and analysis are frequently long delayed or 
may never happen at all. 
Persons with little or no previous computer experience 
were able to begin data entry with less than 1 hour of 
instruction, working under the supervision of someone with 
a basic working knowledge of the Lab Assistant program and 
related hardware. Supervisors with general microcomputing 
experience were trained to operate the cataloging system 
with one to two days of hands-on instruction. Assuming 
access to a suitable computer and printer, a system incorpo-
rating two sliding calipers, multiplexer for the calipers, 
precision balance, and Lab Assistant software can be pur-
chased fo r between $2000 and $3000, depending on the 
cost of the electronic balance selected for the system. 
DATA ACQUISITION WITHIN COMMERCIAL 
SOFTWARE PROGRAMS 
Metrical data from computer-linked instruments can also be 
captured within a wide range of commercially available 
so ft ware programs. For example, one might find it useful to 
enter weight or dimensional data directly into a database, 
statistical analysis, or word processing program. Comlink 
(see author's note) is a computer program that meets this 
need using the same digital instruments used by the Lab 
Assistant program. Data can be "pasted" into documents 
created by virtually any existing software program. This is 
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done by placing the cursor at the location in a document 
where the data are to be entered; for example, in a cell within 
a spreadsheet program, a field within a database record, or 
in a document created vvith a word processing program. Data 
sent from calipers or an electronic balance are entered 
directly at that location . The ComLink program causes the 
computer to read these data as if they were being entered 
from the keyboard . Once again, direct data capture is 
efficient and accurate. 
VIDEOMICROSCOPY 
Up to this point , a single type of data capture has been 
considered ; that is, alphanumeric characters. These data do 
not exhaust the range of information of interest to archaeolo-
gists, however. Time-consuming tasks in the lab may involve 
quali ta tive or graphic data. Visual identification of artifact 
attributes produces some of archaeology's most interesting 
data. Dibble and McPherron (1988:4 34) present an example 
of this approach , discussing computer capture of images of 
relatively large artifacts from a videocamera. What about 
smaller classes of artifac ts where identification and description 
are more important than capture of imagery? 
For objects that must be examined under a microscope, 
one encounters the problems involved in manually measur-
ing or weighing artifacts; that is, tedious, time-consuming 
manipulation of the equipment and specimens under inves-
tigation . These problems are a routine aspect of fauna! 
analyses involving small (3-mm diameter or less) fish bones 
in the author's lab. Some of these analyses are part of basic 
research, while others are performed under contract to other 
investigators. In the past, archaeologists frequently obtained 
fauna! specimens by screening midden matrix with mesh 
sizes of 5 mm (1/4 inch) or larger. More recent work Qohnson 
1982) , however, has shown that screens smaller than 5 mm 
must be used to avoid collection bias against species such as 
anchovies, sardines, and other small fishes. Most researchers 
in the region have corrected this sampling bias, with the 
result that skeletal elements of less than 5 mm , such as 
spines, skull parts, and vertebrae, now account fo r a substan-
tial proportion of assemblages requiring analysis. Accurate 
identification of these elements is accomplished by examin-
ing them under a stereosccpic dissecting-type microscope, 
typically between about 30X to ?OX. Even with appropriate 
sampling of these assemblages, this task is demanding. 
Those who have perfo rmed this type of work know how 
fatiguing these efforts can be, particularly with regard to eye 
strain. 
This task can be eased considerably by means of 
vicleomicroscopy. Compact, high-resolution videocameras 
have been designed specifically for attachment to micro-
scopes. Anything that can be viewed by the human eye 
through the microscope is "seen" by the videocamera and 
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Figure 4.4: View of the videocamera attached to binocular dissecting 
microscope. Note the camera's compact dimensions. The camera is 
attached to a 13-inch high-resolution co lor monitor. 
displayed on one or more high-resolution co lor monitors. In 
this instance , a video system camera , Model 'vW-DSlOO, 
manufactured by Panasonic Communications and Systems 
Company (fig. 4 .4) is being employed. This camera pro-
duces a horizontal resolution of 460 lines (Super-VHS signal 
format) . Coupled with a high-resolution monitor, this unit 
produces imagery of excellent resolution and contrast. This 
imagery is adequate even for demanding analytical tasks. 
The analyst observes the color monitor attached to the 
camera , ra ther than looking through the microscope. Bone 
specimens are placed on a tray, which is moved across the 
microscope stage. Specimens can be examined quickly and 
accurately with little eye strain and wasted motion. These 
specimens can also be measured by placing a calibrated 
reticle in the microscope or placing the specimens on a 
calibrated stage or examination tray. 
This technique also allows data acqu isition in a variety 
of ways. Video-digitizing hardware and software can be 
obtained that will allow a computer to capture imagery 
produced by the videocamera. As Dibble and McPherron 
(1988:4 34) point out, images thus acquired can be manipu-
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lated in various ways by the computer. This approach is 
useful under certain circumstances. Imagery produced by 
the camera can be recorded on any VHS-format videocas-
se tte recorder. A tape libra ry of iden tified specimen types 
can be created . Problematic or interesting specimens can be 
taped and sent to colleagues, including an audio track on the 
tape. Tapes can be used in the classroom or to train lab 
personnel. This type of data capture has not been attempted 
by the author, however. For the research needs outlined 
above, identification of specimens is generally more impor-
tant than capture of imagery. Under such circumstances, it 
is difficult to justify the allocation of computer system use, 
as well as the cost of the necessa ry hardware and software 
products, required for capture and manipulation of digi-
tized images . 
Videomicroscopic identification of specimens can also 
be combined with the Lab Assistant program. After identify-
ing specimens, branching menus containing the names of 
families, genera, and species of fishes allow the analyst to 
enter information with only a few keystrokes, without the 
tedium of repeatedly writing out scientific names and other 
information. Although this example deals with fish bones, it 
seems likely that a large range of materials can be studied 
using this technique, including debitage , stone too ls, seeds, 
plant remains, beads, ceramics, pollen grains, and obsidian 
hydration rims. 
Combined , the techniques and equipment discussed 
here afford flexib le and powerful tools for improving the 
efficiency of data acquisition. This discussion emphasized 
the importance of efficient data acquisition. because it has 
a direct bearing on the kinds and quality of research that 
archaeologists can undertake. 
The hardware and software systems described are of-
fered as examples of how archaeologists can replace tedious, 
error-prone means of data acquisition with computerized 
methods. Computers are vastly more efficient at acquiring 
and manipulating information than human beings, and they 
attain this efficiency to the extent that they are able to 
perform their assigned tasks without error-prone human 
intervention. The software and hardvvare systems discussed 
illustrate one approach to at taining this type of efficiency. 
Author's note. This chapter originally appeared in the 
]oLtrnal of Field Archaeology 20: 2, pp. 21 9- 224. 
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Assistant and Com Link computer programs are protected by 
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Digimatic sliding calipers (Catalog No. 500-321), multi-
plexer Mux-10 (Catalog No. 264-001), and precision elec-
tronic balance Seties 982 (Catalog 982-502) are products of 
the MTI (Mitutoyo) Corporation, Paramus, New j ersey07652. 
Videocainera WV-05100 is a product of Panasonic Industrial 
Company, Division of Matsushita Electric Corporation of 
America , Two Panasonic Way, Secaucus, Nevv j ersey 07094. 
Chapter S 
X Rays in Archaeological Analysis 
Louis J. Tartaglia 
A relatively accessible and inexpensive technique that can be adapted to archaeological laboratory analy-sis involves the examination of both artifacts and 
osteological materials with X rays. Physical anthropologists 
have long appreciated the information value of X rays and X-
ray photography, and Old World archaeologists have also 
used the technique to great advantage. ln this chapter, 1 
relate the practical application of X rays in two separate 
archaeological contexts from the New World ; the results in 
both cases were the discovery of cultural and/or physical 
anomalies that would not be visible to the unaided vision . 
One study reconstructs South American (Moc he and Chimu) 
ceramic technology, while the other examines social strati-
fication at the Medea Creek cemetery in California as sug-
gested by radiopaque transverse (or Harris) lines . 
X RAYS AND PREHISTORIC CERAMIC 
TECHNOLOGY 
The production of Moche ceramics utilizes four basic tech-
niques: coiling, molding, modeling, and stamping; however, 
most vessels are not made by a single method but in fac t 
represent the end products of combinations of at least two or 
more. Manufacturing clues obvious from sherds are ob-
scured on complete vessels, for in many cases, since "all 
traces of fabrication were removed in the finishing process" 
(Donnan 1965:118), it is very difficult to determine which 
construction processes were used for particular vessels. 
Manufacturing marks often remain on vessel interiors and 
are easily identified from sherds or partially broken vessels, 
but closed and complete vessel forms provide little opportu-
nity to study production techniques; therefore, conclusions 
about their methods of manufacture are often speculative . 
Donnan's experimental analysis has suggested a set of 
sequential steps in the production of stirrup spout vessels; 
these are outlined in figure 5 .1. While most students of 
prehis to ri c ce ramic technology accept Donnan 's 
reconstruction , all \vould agree that additional evidence of a 
material nature would reinforce his thesis. X-ray photo-
graphic analysis has provided new evidence in support of 
Donnan's reconstruction through a practical and accessible 
laboratory technique. 
Both Chimu and Moche ceramic vessels were experi-
mentally subjected to radiographic analysis in an attempt to 
resolve specific questions about manufac turing processes. 
The results produced evidence for the fabrication procedure 
originally advanced by Donnan (1965) as the means by 
which Moche stirrup spout vessels were created. The analy-
sis also identified certain characteristics that have not been 
previously recorded and that may represent distinguishable 
evidence for different and identifiable ceramic workshops. 
METHODS 
X-ray photographic analysis was conducted on two stirrup 
spout vessels to determine the capabilities, limitations, and 
future applicability o f radiographs in reconstructing 
prehistoric ceramic technology. The archaeologist should be 
present when the technician x-rays ce ramic vessels. lf 
necessal)', merCUI)' can be siphoned into a stirrup spout 
vessel so as to enhance the visibility of manufacturing details. 
Ansco cronex 6 medical film was used in association 
with a 300-mA small focal spot Westinghouse rotating 
anode machine. The exposures were taken at 1/60 of a second 
for top views and for 1/30 of a second for cross sections. The 
focal distance for all racliographs was 183 cm; the line voltage 
and filament power we re maintained at 120 kV. All films 
were developed by an automatic Pako processor in 90 
seconds. 
MOCHE CERAMIC RECONSTRUCTION 
The manufacturing technique involved in Moche stirrup 
vessels is as follows (Donnan 1965:1 22-1 24): the main 
chamber of the vessel is partly formed in a two-piece mold 
(fig. 5. la-c); an opening is left at the top of the chamber so 
the potter can smooth the interior surface . 
W hen the clay in the mold is ell)' and firm , the chamber 
is removed from the mold. After the lower part of the 
chamber is dry, the upper portion is finished by a coiling 
technique (fig. 5.lcl). lt is noted that coiling is used in 
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Figure 5.1 (this page and opposite}: a-i, steps in the construction of a stirrup spout vessel. a-f. the body is formed with the use of a two-part mold . g-i, 
the spout is shaped over jigs in sections. j-r, final steps in the construction of a stirrup spout vesse l. j-1 , completion of the spout. m-n, joining the spout 
to the body. o, small slit is made in shoulder of spout. p, a swab is used to ream out spout. q, r, spout pressed back to 01·iginal shape. Reprinted from 
Donnan 1965: Plates II and Ill. Courtesy of the Institute of Andean Studies. 
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Figure 5.2: Top view of Moche sti rTup spout vessel w ith manufacturing 
marks (coi ling) visible on its interior. 
conjunction with molding to produce a particular Moche 
vessel form (Donnan 1965:119). The remnants of the dis-
tinct coils are clearly visible on the interior portion of the 
molded chamber in the rad iograph (fig. 5.2) , but all external 
evidence of the coils has been completely removed. This 
indicates that a co iling technique was probably used in 
forming the upper chamber of the vessel , which is not 
discernible to the unaided eye by examination of any exter-
nal surface . An alternative explanation is that these apparent 
coils may represent finger wipe marks occurring as a by-
product of clay adhering to the inner surface of a press mold. 
Both interpretations are viable, although the former seems 
the more plausible. 
A small opening remains in the chamber and is subse-
quently sealed (fig. 5. l e,O. The stirrup spout is manufac-
tured by the following procedure: a thin sheet of clay (fig. 
5. l g) is cut into wide strips that are wrapped around three 
tapered wooden rods (fig. 5. lh,i); the resulting seams are 
sealed and joined together at their small ends; the seam 
junctions are smoothed and reinforced by a small clay ring 
that is placed into the joint (fig. 5. lj); the wooden rods are 
removed , and the remaining two clay tubes are bent to form 
the hoop of the stirrnp spout (figs. 5. 1 k ,l). The spout is now 
allowed to become firm , but not dry. Remains of this process 
appear in the racliograph (fig. 5.3), which reveals both 
junction seams at the neck of the vessel and a clea rly 
indicated gradual decrease in the width of both the neck and 
the spout achieved by using tapered wooden rods. 
The stirrup spout is joined to the chamber by punching 
two holes in the chamber wall where the spout is to be 
attached with the aid of a small clay coil wrapped around 
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each joint (fig. 5.lm) These coils (fig. 5 ln) are subse-
quently smoothed into the joints to reinforce them. 
A small vertical slit is then made in the shoulder of the 
spout and opened (fig . 5. l o) . A swab stick is inserted into the 
opening and used to ream out the inner trough of the spout 
at the chamber junction (fig. 5. lp). The swab is then 
removed and the spout pressed back into its original shape 
(figs . 5.lq,r). All external traces of these vertical slits are 
eventually removed. Radiographic cross sections of stirrup 
spouts reveal vestiges of reamer slits and inner ridges of clay 
on the inner portion of the spout shoulder as a by-product 
of this process (figs . 5.3, 5.4). A distinct mold seam on the 
Chimu stirrup spout, detected from above in a separate 
racliograph, indicates that this vessel's spout was molded 
separately and subsequently joined to the chamber; the 
stirrup spout is not molded integrally with the chamber. 
The quality control of ceramic production of stirrup 
spouts and their associated manufacturing stages (for ex-
ample, vestiges of reamer slits in the spout shoulder, a 
constant internal thickness of the cross section of the spout) 
are evident (figs. 5.3, 5. 4) . A tremendous difference in the 
dexterity and skill of presumably two separate artisans is 
apparent by studying the radiographs of these two vessels . 
By observing the chamber and spout manufacturing stages of 
stirrup spout vessels, it is posited that distinct differences in 
construction relate to specific prehistoric ceramic work-
shops; however, a larger sample would be required before 
any conclusions about technologically identifiable prehis-
toric ceramic workshops can be accepted. 
X RAYS AND ARCHAEO-OSTEOLOGICAL MATERIAL 
Racliopaque transverse lines were counted on X rays to 
determine their differential frequency of occurrence in femora 
(distal encl) and tibiae (proximal/distal ends) from a Late 
Horizon prehistoric California Indian population. Signifi-
cant statistical correlations were obtained. By examining and 
analyzing the relative frequency of transverse lines in asso-
ciation with mortuary variables, such as the kind and quality 
of burial goods and grave pit depth, social stratification 
within the Medea Creek cemetery could be partially recon-
structed. 
Racliopaque transverse lines (or Harris lines, also called 
arrested growth lines or bone scars) occur in human long 
bones as the result of extremely heavy calcification triggered 
by arrested or accelerated bone growth . Such anomalies can 
result from periods of illness or from acute malnutrition ancV 
or dietary deficiencies. It has been statistically shown that 
chronically undernourished children have a higher inci-
dence of scarring (transverse lines) when ethnically identical 
children are compared (Dreizen et al. 1964). Moreover, 
transverse lines develop when a growing animal or human is 
subjected to periods of stress (such as that which normally 
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Figure 5.3: Side view of a Moche stirrup spout vessel. Note the join 
marks at the top, indicating that the stirrup was created through the 
attachment of three separate sections. Also note the remnant holes 
(smoothed over) at the point of greatest outcurvature on either side of 
the stirrup. UCLA Museum of Cultural History X65-87 I 3. 
accompanies fever) or pressure to a sufficient degree (Caffey 
1967). Transverse lines have in fact been induced in animals 
by starvation (Harris 193 1). According to Harris, the genera-
tion of arrested growth lines fo llows certain postulates: 
The density of the line is proportional to the degree of 
severity or acuteness of the illness . 
Lines of arrested growth are manifested more rapidly at 
the growing ends of the long bones. Caffey (1967) stated 
that the thickest and widest transverse lines appear at 
the end of the shaft , while older lines, deeper in the 
shaft , are thinner, less distinct, and usually discontinu-
ous. 
Lines of arrested growth undergo obliteration as a part 
of that process of absorption and deposition which is an 
active feature of the living bone. It has been observed 
that radiopaque lines record events that transpired in 
childhood rather than ossified evidence of adolescent 
stresses (Garn and Schwager 1967) . 
29 
Figure 5.4: Side view of a Chimu stirrup spout vesse l made by a 
different technique than that shown in figure 5.3. Note the differences 
in the wall thickness of the spout and in the car·e with which all joins 
were made. UCLA Museum of Cultural History X68- I 002. 
This s tudy was designed to make use of photographic 
ex ray) techniques to ascertain the variability in the fre-
quency of transverse lines in long bones in a prehistoric 
population and to subsequently correlate observable pat-
terns with social stratification . The procedures employed 
consisted of counting and analyzing transverse lines in the 
femur (distal end) and the tibia (proximal/distal ends) that 
appeared on X rays taken of eight adult prehistoric Chumash 
Indians from Medea Creek, a Late Horizon (ca. 1500 AD) 
inland Chumash lndian cemetery with an extremely short 
time depth (350 years). 
METHODS 
Medea Creek cemetery (LAn-243) is located near Agoura, 
Califo rnia, in the Santa Monica Mountains (L King 1969). 
One hundred and seventy-si," burials were examined to 
locate complete sets of tibiae and femora from the same 
individual and respective side for comparison. The proximal 
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and distal ends of the tibiae, as well as the distal ends of the 
femora , were x-rayed to determine the frequency of Harris 
lines for each bone. Broken and diseased bones were ex-
cluded from the sample. 
Both the age at death and the sex of each individual had 
been previously recorded on the burial record form ; each 
buri al was rechecked for the purposes of this study. Denti-
tion and bone fusion were used for aging; sex was deter-
mined from innominate bones when available, as ·well as the 
additional diagnostic features discussed by Broth well (1965). 
Ansco cronex 6 film was used in a 100-mA small focal 
spot Westinghouse rotating anode machine; exposures were 
taken atl second at a distance of 102 cm. Line voltage and 
filament were maintained at 60 kV. All films were developed 
by an automatic Pako processor in 90 seconds. Radiologists 
at the UCLA Medical Center were consulted to accurately 
determine the Harris lines recorded on each rad iograph. The 
criteria used to determine this number were maintaining a 
count of all lines that were transverse to the long bone axis 
and noting any remnants of such lines that may have been 
resorbecl during adulthood. Whenever possible, all bones 
were x-rayed in an anterior-posterior position. 
RESULTS 
The distal end of the femur usually contained the highest 
frequency of transverse lines, followed in succession by the 
proximal and distal ends of the tibia . The number of trans-
verse lines and age/sex characteristics of each individual 
studied are documented in table 5. 1. The greatest variability 
in terms of the frequency of transverse lines occurs in the 
proximal ends of the tibiae; no apparent sex differentiation 
seems to be evident. It had previously been noticed that there 
is no significant sex va riation in the age- related pattern of 
frequencies of transverse lines (Dreizen et al. 1964 ). Radio-
graphic data here revealed that there seems to be no variabil-
Table 5. 1. Transverse lines in Medea Creek population . 
Burial Age Sex Burial Grave Status 
number location* goods** 
494-63 30 M E-2 0 Low 
494-94 30 F E-3 3 Low 
494-107 35 M E-2 Low 
494-403 20- 25 M E-1 0 Low 
494- 214 30 F W-2 126 High 
494- 342 23- 30 F E-3 9 High 
494- 35 1 23- 30 M E-3 19 High 
494-352 25-35 M E-3 4 High 
• Burial locations according LO L. King 1969. 
** Grave goods lotals simply indicate Lhe number o f anifacts associated wilh each burial. 
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ity evident between age at death and the frequency of 
transverse line in long bones in the Medea Creek prehistoric 
Ind ian (adul t) population, as noted in table 5. 1. 
DISCUSSION 
The highest frequency of transverse lines x-rayed from the 
prehistoric population at Medea Creek appeared in the distal 
encl of the femur, followed by the proximal and distal ends 
of the tibia. This concurs wi.th McHenry's study (1968) 
However, other studies noticed that lines of arrested growth 
are most common in the distal end of the tibia (Wells 1961; 
Gray 1967). Consequently, it is apparent that a great deal of 
variability and fluctuation exists in the frequency of trans-
verse lines among prehistoric populations. Therefore, indi-
vidual populations must first be considered as separate 
entities and then compared 'Nith contemporary sites on a 
generalized basis. Also , due to the differential variability of 
arrested growth lines present at Medea Creek, it appears that 
transverse lines in long bones cannot be significantly co rre-
lated with distinct archaeological horizons as inferred by 
McHenry's study (1968) of prehistoric California Indian 
horizons. 
By examining and recording the frequency of transverse 
lines at Medea Creek, inferences about social stra tification 
(status) at a prehistoric cemetery can be advanced . Status 
among the Chumash can be defined as wealth acquired by 
inhetitance; thus, socio-economic stratification existed within 
villages and extended into cemeteries. Also, rank order of 
status is associated with specialized individuals within the 
community, such as chiefs, shamans, and village officials. 
The chief acted as headman among the villagers and 
retained his power (wealth) and social rank, since he con-
stantly received gifts of food and shell money from villagers 
(Kroeber 1925). Furthermore, one's social position was 
carefully regulated within the community, since individuals 
Grave Grave Transverse lines 
depth *** pit depth Tibia (dist) Tibia (prox) Femur (dist) 
87 3 3 
87 4 9 4 
122 31 1 6 2 
78 50 12 3 9 
147 73 0 5 
ll5 70 0 2 0 
140 70 0 0 1 
149 89 0 0 
***Grave depth in ll1is case is below datum. These figures and those for grave pit depth are expressed in cm. 
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Figure 5.5: General absence of transverse lines on long bones from a 
high-status burial (number· 352) from the Medea Creek cemetery. 
Figure 5.6: Transverse lines on long bones from a low-status burial 
(number 403) from the Medea Creek cemetery, California. 
with high status were paid for their services. For instance, 
although only rich men owned canoes, they did not partici-
pate in the physical activity of catching fish; the catch was 
their personal property and was distributed accordingly. 
Among the Venturef10 , Harrington recorded a kinship term 
that applied to the dynasty of nobility. He stated that there 
were "people who enjoyed special privileges and who had to 
make no effort to live [;] it was all p rovided for them" (L. King 
1969 :45) . 
Since social status among the Chumash was inherited , 
individuals oflower social standing were probably subjected 
to greater environmental stress and pressures than were the 
elite. Hence, they were more susceptible to prolonged peri-
ods of stress, acute malnutrition , and disease. Considering 
the historic and ethnographic accounts that have been 
presented , the following hypothesis may be advanced: indi-
viduals of lower social standing in a hunting and gathering 
society are subjected to greater environmental stress; there-
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fore, people of lower social status will develop a higher 
incidence of Harris lines, and social status within a cemetery 
may be re fl ected by differences in the frequency of transverse 
lines found among individuals. 
To test this hypothesis, status was determined at Medea 
Creek by the relative number of associated burial offerings, 
the depth of the burial pit , the age of the individual at death, 
and the sex of the burial. This approach resulted in high and 
low status categories . The lvledea Creek cemetety has been 
divided into two main sections, the east and west sections, 
and separated by an area where burials are absent. 
Another important social fac tor to be considered in this 
study is that the Chumash Indians of Southern California 
had specialized, paid grave diggers. Ethnographic and ar-
chaeological evidence seem to indicate that the deep grave 
pits were related to high-status individuals (L. King 1965 .) 
The burials in the eastern area (sections one through three) 
at Medea Creek have similar depth ranges; however, the 
western area (section four) has a shallower depth range. 
Analysis of the burial records from Medea Creek revealed 
that burials recorded at relatively moderate to shallovv 
depths contained few if any associated grave goods, while a 
higher frequency of burial offerings was encountered at 
greater depths; consequently, it appears that the relative 
depth of a grave pit is associated with status (table 5. 1). 
To determine social stratification at the Medea Creek 
cemetery by means of radiopaque transverse lines, all data 
were statistically analyzed; the UCLA Blv1D-P2R stepwise 
regression program was employed. Analysis revealed a strong 
negative correlation between lines of arrested growth and 
associated burial goods. This correlation is expected , since 
individuals of higher status should possess fewer numbers of 
Harris' lines when compared with individuals of lower 
status. 
For example, a radiograph from a high-status burial 
(number 352) from the eastern area (section three) had a 
total of one Harris line; it was a male approximately 30 years 
old (fig. 5. 5) . In contrast, a radiograph of a low-status burial 
(number 403) had a total of 24 transverse lines (distal end of 
the femur and both the distal and proximal ends of the tibia) 
(fig. 5.6) and no associated artifacts and was also located in 
the eastern area (section one); it was a male approximately 25 
years of age. 
Radiographic analysis has been used in two widely 
different archaeological contexts to solve specific archaeo-
logical problems. This laboratory method in the cases speci-
fied has resulted in the discovery of archaeological evidence 
where hypothesis previously existed. X-ray analysis of an-
cient Peruvian pottery produced visual traces of the fabrica-
tion process and helped validate Donnan's (1965) recon-
struction ofMoche ceramic technology. Radiographic analy-
sis also revealed certain other observable characteristics that 
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may be indicative of different and distinguishable ceramic 
workshops. Further research should resu lt in a much ex-
panded store of evidence that can more fully support or 
refute such interpretations. Radiographic analysis is shovvn 
to be an important tool in the practical reconstruction of 
ancient ceramic technology, and it is to be hoped that it will 
enj oy expanded use in fu ture app lications. 
X-ray analysis was also utilized to test a hypothesis by L. 
King (1969) on the nature of social organization within a 
skeletal population in Southern California. Because mor-
phological traces of what might be considered social rank (or 
position) can be detected radiographica lly, it may be pos-
sible to further subdivide King's reconstruction of social 
stratification at the Medea Creek cemetery. Current evidence 
suggests that areas of both high and low social status existed 
in the eastern part of the cemetery, in sections one through 
three. Section three seems to have been reserved for high-
status burials , while secti ons one and two may have had 
lower status associations. 
Although the conclusions arrived at in both experi-
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ments are predicated upon extremely small samples and 
should be further tested before being uncritically accepted, 
both studies underline the practical suitability of x-ray 
photography. While only the areas of ceramic technology 
and social stratification in skeletal populations have been 
approached here, it seems clear that many more and differ-
ent ap plications of the technique could be made. 
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Chapter 6 
Measuring Systems, Techniques, and 
Equipment for Taphonomic Studies 
Melissa C. Winans and Ross C. Winans 
A rchaeologists and paleontologists frequently need to establish precisely the positions of specimens withm an excavated deposit. If all the arti fac ts or 
bones are arranged in a single Oat-lying layer, careful d raw-
ings or photographs may suffice to locate them. If the deposit 
is more than one specimen thick, vertical as well as horizon-
tal relationships become important, and a more accurate 
system of positional measurements is needed. 
For maximum accuracy over fa irly large distances , no 
commonly available system can surpass careful plane table 
mapping. However, if the deposit is a large one, perhaps 
containing thousands of specimens, and one wishes to chart 
the position of nearly evety object in the deposit (as fre-
quently is the case with a site subjected to taphonomic 
study), complications arise. Because plane table measure-
ments require the aid of at least two workers, it may not be 
best for the average project. Few field crews have sufficient 
personnel to be able to spare some to act as surveyor's 
helpers. 
Fortunately, a few other measuring systems exist which, 
while not p roducing results as accurate as the transit and 
plane table system , are nevertheless sufficiently accurate for 
most purposes. The main strength of these other systems is 
that they can be set up and operated by a single worker. This 
paper describes one such system and a new device we 
developed in order to make the taking of some measure-
ments easier and more accurate. Although the device and the 
measuring system were both developed with the needs of 
one specific vertebrate site in mind (the Los Angeles County 
Museum excavations at Rancho La Brea), we believe that 
with minor modifications they should be useful in any 
situation that requires a large number of positional measure-
men ts in the field . 
THE MEASUREMENT SYSTEM 
The objective of a good measuring system should be to 
facili tate the accurate determination of the vertical and 
horizontal positions of any object, regardless of shape or 
size, which is discovered in situ . It should also make it 
possible to accurately determine the orientation of speci-
mens more than 3 or 4 cm wide, especially if they are not 
equidimensional and thus are more likely to be prefe rentially 
oriented by stream currents or other depositional forces. The 
most economical way to locate an object precisely in this 
fashion is to use a three-coordinate system of measurements 
vvhich would indicate the distance from the object to known , 
fixed reference points along three mutually perpendicular 
axes. In the case of an excavation the logical axes are north-
south , east-west, and vertical. Ideally the primary refe rence 
point for each axis should be the same for all specimens, 
since this increases accuracy and makes the measurements 
easier to translate later. In large excavations, however, 
accuracy and ease of measuring may be increased by 
establishing seconda1y reference points at carefully mea-
sured distances from primary reference points. 
A frequently used primary reference point for the verti-
cal coordinate is the surface of the ground. Although this is 
convenient, it is seldom the best choice, since the ground 
may be sloping or irregular, making it impossible to deter-
mine the depths of widely separated specimens relative to 
one another. A better primary reference is an imaginaiy 
plane lying somewhat above the surface of the ground. Since 
it is almost always impractical to suspend an actual, physical 
representation of this plane above the excavation and mea-
sure clown from it , the plane should be symbolized by a 
single marker, such as a firmly set stake marked at the proper 
elevation to represent a single point within the datum plane. 
When a measurement is to be made of the depth of a 
specimen below the datum plane, a leveling device of some 
sort must be used to extend a horizontal line out from the 
primary reference point over the specimen, and then the 
vertical distance from the line to the specimen must be 
measured with a tape or meter stick. 
For the two horizontal coordinates, the best primary 
reference points are previously surveyed baselines running 
clue north and east. For large excavations, it is desirable to 
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Figure 6.1 : View of a meter-wide grid square showing north, west, and 
below-datum measU1·ements for a typical small specimen, with solid 
lines representing unit boundaries . The broken lines denote the axes 
along which measU1·ements are taken; figures along these axes are 
distances in centimete1·s from the specimen to each reference point. 
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Figure 6.2: View of a meter-wide grid square showing north, west, 
and below-datum measurements for a specimen of a size and shape 
that makes it necessary to determine orientation as well as position. 
Three measurements are taken from each point on the spec imen to 
each reference line, indicating the positions of three different points 
on the fossil. 
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Figure 6.3: View of a meter-wide grid square showing north, west, and 
below-datum measurements for a more or less equidimensional 
specimen. Measurements along each axis do not necessari ly fa ll at only 
three points on the specimen, as they did in figure 6.2. 
establish a set of secondary reference points by laying out a 
grid of squares , using the baselines as two lines of the grid. 
If one set of lines is numbered and the other lettered like a 
map grid, then the position of any square and its contents can 
be approximated by naming the lines by which the square is 
Practical Archaeology 
bounded. The horizontal position of any specimen within the 
square can be more precisely determined by measuring the 
specimen's distance away from the north and west (or south 
and east) boundaries of the square. 
An example of a set of measurements similar to those 
described above is diagrammed in figure 6.1. In the case of a 
small object such as a mouse bone, a small tooth, or a plant 
fragment , only one measurement needs to be taken along each 
of the three reference lines . For any object that is small enough 
that the probable error in measurements may equal or exceed 
the length of the specimen , to measure the location of more 
than one point on the object is a waste of time. 
For larger specimens, especially those that are oblong or 
Oattened and thus likely to be preferentially oriented by 
stream currents , more than one point may need to be mea-
sured since measuring the location of only one point on the 
specimen does nothing to indicate its orientation. If the larger 
specimen is something such as a femur , which is oblong vvith 
a single well-defined long axis, a system such as that dia-
grammed in figure 6.2 would be highly effective. Three 
specific points on the specimen are selected and the position 
of each of these points is measured along each of the three 
coordinates, yielding nine measurements in al l. Two of the 
points (proximal and distal in fig. 6.2) always should be at the 
extreme ends of the specimen's long axis; these define the 
orientation and position of that axis. The third point should be 
some easily identifiable feature on the specimen which is as far 
away as possible from the long axis (in fig. 6. 2, the fovea capita 
at the head of the femur); the position of this point relative to 
the other two indicates how the specimen is rotated around 
the long axis. 
This three-measurement system is equally effective for 
Oattened specimens (such as scapulae) that may not have a 
single well-defined long axis. For such specimens, the three 
points selected should form the widest possible triangle across 
the specimen's major plane ; in the case of a scapula, for 
instance, one point might be the center of the articular surface 
and the other two the opposite sides of the top edge of the 
blade. 
Although best suited to the sorts of specimens described 
above , the three-measurement system is also used for more or 
less equidimensional specimens if they are not so featureless 
that it is impossible to find three properly spaced and clearly 
differentiable measurement points. If one wishes to definitely 
establish the orientation of an equidimensional object , the 
three-measurement system is best ; however, in most cases it 
is questionable whether the time needed for so many 
measurements on a single specimen is justified when 
equidimensional specimens do not seem to be preferentially 
oriented by currents. If orientation of a specimen is not 
considered important, or the specimen lacks identifiable 
measuring points but is too large to be dealt with by the one-
measurement system, a tirnesaving alternative may be to 
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Figure 6.4: One method of outl ining square boundaries o n the ground. 
Broken lines denote the sides of the square which have not yet been 
marked with string. Points marked by the plumb bob for the insertion 
of nail s are beyond the actual corners; this allows for "corner double 
staking" and eliminates displacement of stakes by digging within the 
square. 
measure the distance along each coordinate of those points 
on the specimen which are closest to and fa rthest from each 
of the three reference lines, indicating, where possible, on 
which side of the specimen each measurement was taken 
(fig. 6.3 , fo r example) . Although such a two-measurement 
system indicates orientation only in general terms, it does 
locate large specimens with greater precision than does the 
one-measurement system. 
MEASURING EQUIPMENT AND TECHNIQUES 
Besides accuracy, the principal objectives in choosing mea-
suring techniques should be to measure as quickly and as 
easily as possible, while making the techniques as difficult as 
possible to use incorrectly or carelessly. This goal becomes 
increasingly important in large fossil deposits because hav-
ing to take the same repetitive set of measurements on 
hundreds of specimens each day quickly becomes tedious 
enough that even the most conscientious worker may be-
come careless, thus introducing unwanted errors into the 
data . To combat this problem, equipment needs to be made 
as foolproof and easy to use as possible, something which is 
fairly easy to do for horizontal measurements but difficult to 
do for the vertical ones. 
For the two horizontal measurements, the best error 
reduction measure is a carefully laid out grid system in which 
the lines are no more than a meter apart . This makes it 
possible to take all measurements with a meter stick (easier 
to use with accuracy than a Oexible tape) , and brings the 
measuring boundary close enough to ensure that the stick is 
held perpendicular to it. It is essential that a transit and steel 
tape be used to lay out the lines to ensure an accurate north 
and east alignment of the baselines and that all secondaty 
lines be exactly parallel and correctly spaced. Even with a 
transit there is likely to be an error of about 2 cm across a grid 
10 m vvide, but without the transit the error would be much 
greater. The north and east baselines should be positioned so 
that their ends can be tied in to permanent landmarks or, if 
this is not possible, permanent markers should be set up to 
facilitate later reconstruction. Only the ends of all lines need 
to be marked , with nails driven into the tops of firmly set 
stakes, to mark the exact intersection of the grid lines. The 
boundaries of any square to be excavated can be marked on 
the work surface by tightly stretching a chalk line between 
the nail heads that mark the two ends of each boundary line 
of that square, and then transferring the position of the 
square's boundaries to the excavation floor with the plumb 
bob (fig. 6.4). The corners of the square can be marked with 
double-headed nails driven into the grou nd and the 
boundaries of the square outlined with string. The horizontal 
position of any specimen within the square can then be 
measured by holding a meter stick perpendicular to the 
north or south boundary with its zero point even with the 
boundary. The other end should extend horizontally over 
the specimen, making it possible to read off the distances of 
the points to be measured from that boundary. The process 
can then be repeated with the mete r stick held on the east or 
west boundary of the square. If care is exercised in the 
placing of the meter stick, no additional errors should be 
added to the data by this procedure. 
It is more difficult to reduce chances of error in the 
vertical below-datum measurements, principally because 
the plane from which one measures cannot be made as 
tangible as the boundaries of a meter-wide square; therefore 
it is hard to be as certain concerning the accuracy of the 
measurements. The chances of error can be slightly reduced 
by setting up a series of secondary reference points at 
intervals across the excavation . As with the horizontal 
baselines, the primary reference point for the datum plane 
should be a permanent marker, such as a nail in a tree trunk 
or a pipe set in concrete with an elevation mark cut into it 
with a file, but secondaty reference points may be firmly set 
stakes to which the datum elevation has been transferred 
with a transit. As excavation progresses, these secondary 
reference points should be lowered by carefully measured 1-m 
increments to keep them within a meter of the floor so that 
a meter stick , ra ther than a tape, can be used to make 
measurements from them. If all measurements involved in 
setting and lowering reference points are made with a transit , 
no more than a centimeter of error should be introduced into 
the measurements, and the amount of error avoided is 
probably far greater. 
Unfortunately, this leaves the greatest source of error 
still to be dealt with: the leveling device used to extend a line 
out from the reference point to the specimen. The leveling 
device most widely used by excavators is the carpenter's line 
level, a small level bubble in a carrier that can be suspended 
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Figure 6.5: Excavator measuring the depth below datum of a specimen 
with a line level (the meter stick is being held backwards so that the 
relationship between its markings and the leveled line will be clear in 
the photograph). Note the position of the level at the center of the 
length cord. At distances of up to 2 m from the reference stake, a level 
in this central position is fairly easy to read , but beyond this distance 
problems begin to develop. 
from a chalk line or other thin cord . One end of this cord is 
attached to the datum reference point. To measure the depth 
below the datum plane of a specimen, the worker tightly 
stretches the co rd above the specimen (fig. 6.5) with the level 
in the center of the length between the attachment point and 
the specimen . The cord is then made level by moving its free 
end up or down until the bubble in the level centers, and the 
distance of the specimen below the cord can be measured 
with a meter stick. This sort ofline level measurement is easy 
to make and is fa irly accurate as long as it is done with great 
care. However, even minor carelessness can cause serious 
errors because the line from which the level is suspended has 
a tendency to sag no matter how tightly it is stretched . At the 
tensions to which a cord can be stretched by hand, the sag 
is great enough to make it imperative that the level be placed 
exactly in the center of the length of the cord between the 
attachment point and the specimen . This point is difficult to 
judge by eye, especially since it usually is different for each 
successive measurement. This problem can be avoided by 
taking particular care in placing the level correctly each time, 
but maintaining such a level of ·watchfulness over a long 
series of measurements is difficult. 
One substitute for the line level, which was developed 
at Rancho La Brea by the authors with the assistance and 
advice of other project personnel , seems to eliminate many 
of the opportunities for error inherent in the line level. This 
device is similar in principle to the line level, but substitutes 
a rigid bar made of steel electrical conduit for the flexible 
cord (fig. 6.6). In its commonly available length of just over 
3 m, this tubing does not sag enough to necessitate keeping 
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Figure 6.6: The rigid level. 
the level in the center of the span. This has made it possible 
to mount the level on a carriage that can be moved along the 
bar to a point directly above the specimen, where the level 
is easy to read. This carriage also has a slot fo r the meter stick 
which fits it snugly enough to ensure that it is kept vertical. 
The fixed end of the bar is mounted on a bracket that can be 
nailed , screwed , or clamped to a reference stake, with the 
bottom of the bar at the elevation of the reference point. The 
attachment between bar and bracket can be made in one of 
two ways. If it is important to be able to dismount the bar 
quickly, a hole, large enough to be dropped over a peg on the 
mounting bracket made of a small bolt, can be drilled in one 
end of the bar (fig. 6. 9). This sort of attachment makes the 
bar easy to dismount. However, when measurements are 
being taken close to the bracket end of the bar, care must be 
taken to prevent the greater weight of the free encl from 
causing the fixed end to lift off the bracket, so spoiling the 
measurement. The hinge and swivel connection illustrated 
in figure 6. 7 is effective in preventing this but makes the use 
of tools necessary to dismount the bar. 
The bracket to which the bar level's fixed end is attached 
must be positioned on the reference stake from which the 
measurements will be taken so that the bottom surface of the 
bar is at the elevation of the datum plane or at a carefully 
measured number of meters below datum. Measurement of 
the depth of a specimen below datum is made by moving the 
free encl of the bar to a position over the bone or artifact, 
leveling the bar by moving its free end up or down until the 
level bubble centers, and then slipping a meter stick into the 
slot in the carriage with its lower end resting lightly on the · 
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Figure 6.7: An excavator measuring the depth below datum of the 
specimen depicted in figure 6.5, but this time with a rigid level. Note 
the more convenient placement of the level over the point to be 
measured. 
point whose position is to be measured . The depth belm.v 
datum then can be read from the yardstick against a refer-
ence mark on the carriage . 
Although the techniques and measuring systems dis-
cussed in this paper are the easiest and most accurate of those 
which we know to be practical for making large number of 
measurements under field conditions, they will inevi.tably 
allow a certai.n amount of error to accumulate in the data. lf 
all conditions are perfect, the equipment is carefully main-
tained and frequently checked for accuracy, and workers are 
careful and precise, the probable error in measurements 
across an excavation about 10 m wide might conceivably be 
as low as 2 cm; for most practical purposes , an error this 
small is of no importance. 
The problem , of course , is that conditions are rarely 
perfect. Besides these factors, accuracy is affected (almost 
alvvays for the worse) by many other fac tors that are different 
for each excavation site and sometimes for each day. A 
general idea of the probable range of error in measurement 
data can be obtained by selecting at least ten specimens, all 
of which are exposed in the excavation at the same time, and 
determining the position of each specimen twice: once 
employi.ng the regularly used measuring materials and tech-
niques, and then using a plane table to plot all points that are 
shot from a single station. The difference between the two 
sets of measurements will be close to the minimum error that 
may be expected in the data as a whole. Remember that 
opportunities for error vary enough that the results of such 
a test may be different on successive days ; but at least it will 
provide an idea of whether data gathered is apt to be 
sufficiently accurate fo r use and will serve to identify areas of 
low accuracy. 
INSTRUCTION FOR BAR LEVEL CONSTRUCTION 
Except for the bar, aluminum parts are the most desirable 
because they are very light and resistant to corrosion; steel , 
however , may be substituted if necessary. All parts called for 
can be made from stock hardware; if some sizes of channel 
are not available, they can be improvised by bending sheet 
stock into the desired shapes. All construction work can be 
easily done wi.th hand tools and hand power tools; total cost 
of materials is about $15. 
LEVEL CARRIAGE (FIG. 6.8) 
1. Yardstick Guide. To be made of channel stock, 8 inches 
long, 1 1/ 4 or 1 1/2 inches wi.de (depending upon the width 
of the meter stick to be used), with 1/2 -inch flanges. Make 
a reading point notch at the upper end by cutting down 
the flanges to what will be the level of the lower surface 
of the bar after the level has been assembled; the location 
of this point may be determined by adding the thickness 
of the top of channel No. 2 to the outside diameter of the 
tubing used for the bar. 
2. Channel for Bar. Made of square steel or aluminum 
Figure 6.8: Diagram of the level carriage: insets show alternate methods 
of fabricating parts that may not be available in the forms called for. 
Numbers refer to instructions text. 
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tubing, 8 inches long, 1 inch wide. The inside width of 
this part must be great enough to accommodate the bar 
(fig. 6.9 , No. 6) but should not be so wide that the bar can 
be moved from side to side within it; if it is markedly 
larger, a fill er (No. 3) will have to be used . lf square tubing 
is unava ilable, a substitute can be made from two 1-inch 
channels having 1/2-inch fl anges fastened together with 
flat strips (see inset, fig. 6.8). 
3. Filler. Not needed unless the outside diameter of the bar 
is less than the inside width of channel No. 2. Make this 
of aluminum , plastic, masonite, or fine-grained hard-
wood of whatever thickness is needed to make it impos-
sible to move the bar from side to side within channel No. 
2 , but not thick enough to prevent the channel from 
sliding easily along the bar. 
4. Guard for Level. Made of channel, 4 inches long, 5!s inch 
to 1 inch wide, with 1/J to 3/; inch flanges . Cut out each 
flange roughly at the center of its length to allow the level 
bubble to be visible from the side. 
5. Level. Made by cutting the suspension hooks from a 
bricklayer's (or carpenter's) line leve l. 
BAR AND PIVOT BRACKET (FIG . 6.9) 
6. Bar. 1/2-inch steel, thin-walled electrical conduit is prefer-
able; 3/; -inch aluminum tubing can also be used but is 
more likely to bend if tripped over. The steel conduit is 
available in 10-foot lengths but may be cut shorter; it will 
probably be useful to provide bars of several different 
lengths. After cutting, check the LUbe for straightness by 
sighting along it or holding it against a stretched chalk 
line or straightedge. The tubing may be straightened by 
supporting both ends of the tube and carefully applying 
manual pressure along its length. 
7. Eye bolt. May be of any convenient size. 
8 . Pivot Hinge. Cut off and round one end of a 4 to 6 inch 
strap hinge, leaving its length approximately equal to its 
~I 
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Figure 6. 9: Diagram of the bar- and bracket. The peg-type mounting for 
the bar· is shown to the left; it is eas ier and faster to dismount but is 
more like ly to contribute to er-rors in the use of the level. Numbers 
refer to instructions in text. 
Practical Archaeology 
greatest width. Drill a 1/2-inch hole in the center of that 
end for the pivot bolt . Note: if a peg mount is used instead 
of the hinge and swivel, this part is not needed. 
9. Mounting Bracket. Macie from a 1 x 4 x 4 inch angle 
bracket. Cut off one end to about 1 1/2 inches and drill a 
1/;- inch hole in the center of that end for the pivot bolt , or, 
if a peg mount is desired (fig. 6.9, lower left) instead of the 
hinge and svvivel, drill and tap a hole for a No. 10-24 
machine screw or bolt. Drill two holes in the other end of 
the bracket for the attachment of part No. 10 (a conven-
tional radiator hose clamp) or for nailing or screwing the 
bracket to a wooden stake. 
ASSEMBLING THE LEVEL 
1. Locate and match the attaching screvv holes between 
channels No. 1 and No. 2 so that the two pieces are exactly 
perpendicular to each other. The pieces should be as-
sembled with No. 6-32 flush-head machine screws (or 
other screws of suitable size), countersinking the heads 
and cutting off the ends. 
2. If filler No. 3 is needed , attach it to the inside of channel 
No. 2 with epoxy cement. 
3. Center level No. 5 in channel No. 4 and attach with a 
generous amount of epoxy cement. 
4. Drill attaching screw holes 112 inch from each end of 
channel No . 4 and match and tap holes into channel No. 
2. Assemble the level with No. 4, 5, or 6 roundhead 
machine screws and cut the ends of the screws off flush 
inside channel No. 2. 
5. Check the accuracy of the level bubble (this check should 
be repeated periodically once the level is in use to make 
sure that it has not been knocked out of alignment). To do 
so, place the carriage unit on the bar, which must be 
firmly fixed in an approximately horizontal position. 
Note the position of the bubble in relation to the reference 
lines on the glass. Then remove the carriage without 
moving the bar, tum it 180°, and put it back on the bar. 
The bubble should rest in the same relative position as the 
first time. lf it does not do so, loosen the level and insert 
thin shims between it and the channel , under the attach-
ment screw at the end of the level if it is too low, then 
retighten the screws and repeat the test until no notice-
able difference in the bubble's position can be perceived. 
6. Locate and match the holes for attachment of bar No. 6 to 
hinge No . 8; connect these with 3/15-inch bolts and nuts. 
Or, if a peg mount is preferred , drill a single hole in the 
bar about twice the diameter of the head of the bolt or 
screw which will serve as the peg. Drill a hole in the 
opposite end of the bar for eyebolt No . 7 so that this hole 
lines up with the other two holes. 
7. The carriage and bar may be painted as long as the level 
glass is masked first. 
8. Place the level carriage on the bar and attach eye bolt No. 7. 
Ch apter 7 
The Archaeological Field Vehicle 
Brian D. Dillon 
D iscussing motor vehicles as they apply to archaeo-logical field research seems rather prosaic in com-parison with the more traditional topics of data 
recovery methods, laboratory analysis, or new discoveries; 
perhaps this is why no in-depth treatment of the subject has 
been published previously. Many archaeologists might even 
question the need for such a review, for on the surface there 
seems no mo re need to study the archaeological field vehicle 
than the mason's trowel ·with which we presume all archae-
ologists are equally familiar. ls there any reason for an 
archaeologist to be concerned with the kind of vehicle to 
select, how to drive it , and how to keep it running? Should 
this be part of his or her education? Should the archaeologist 
spend time becoming fa miliar with the characteristics of 
particular makes and models or invest money modifying 
them mechanically? Are the demands made upon vehicles 
called into archaeological se rvice any different from those of 
the anthropologist, botanist, or geologist? Does an ideal or a 
universal archaeological field vehicle exist? 
Chairbo rne archaeologists spend little time considering 
such questio ns, for field research problems and their solu-
tions concern them seldom, if at all. Field archaeologists, on 
the other hand , have a basic concern with vehicular effi-
ciency because they understand that research projects suc-
ceed or fail as a direct result of the logistical aptitude of the 
project leader and his crew. The field archaeologist must get 
to his site, get the investigative job done, and then move the 
field notes, collections, film , equipment, and personnel out 
with a minimum of damage to all. Mundane logistical 
matters mus t be mastered before the labor and time available 
to the project can be devoted to archaeological problem-
solving. Otherwise, the venture will never get off the ground. 
Experienced fie ld archaeologists recognize logistical self-
sufficiency as their primary criteria for success; in the realm 
of transportation , this means that once the project begins, it 
should not be halted or slowed by vehicular problems and 
that such problems must be remedied by the archaeological 
team itse lf. The alternative to vehicular self-sufficiency is, of 
course, to make the project dependent upon an outside 
individual or organization that has no vested interest in its 
success and no reason not to delay it or unnecessarily deplete 
its financial resources. 
Unless the field researcher is independently wealthy or 
is willing to devote a lifetime working at sites in his own 
home town or within the reach of public transportation , 
logistical reason argues for the careful se lection and intelli-
gent use of archaeological field vehicles. Constraints of 
geography (or access) and economy will certainly dictate 
choices in this realm, at least in part . Choosing the wrong 
vehicle can limit the number or the type of sites accessible to 
the archaeologist and his crew; if transportation b reaks 
dm.vn half way to the project location, less productive (but 
easily accessible) sites may have to be investigated instead . 
Conve rsely, many large areas remain archaeologically unex-
plored because researchers mistakenly believe them to be 
inaccessible. Familiarity with the proper kind of field vehicle 
might prove the actual situation otherwise and allow the 
archaeologist to open up such regions to scientific inqui ry. 
By the same token , if the researcher depends upon the wrong 
kind of vehicle for an exploration project, his or her results 
may be incomplete, fo r vehicular limitations have the habit 
of dictating geographical coverage. 
Generally speaking, the most valuable archaeological 
sites for investigation are desirable precisely because they are 
inaccessible, or thought to be. Lack of easy access usually 
guarantees that post-abandonment disturbance in the form 
of vandalism or looting has been minimal; therefore, the first 
archaeologist on the scene often has a pristine deposit to 
work 1Nith. The field archaeologist who boasts that he has 
never investigated a site he could not drive onto in his family 
sedan has surely blinded himself to the existence of what 
may be the most productive sites in his study region . 
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Economic considerations involve the investment of 
time as well as funds, and the wrong field vehicle can 
hamstring a project through unnecessary transportation 
delays just as easily as it can bankrupt it through unexpected 
expense. Driving the wrong vehicle may use up to three 
weeks of research time in reaching the project location, 
whereas driving a suitable one may take only a week on the 
road. Two weeks' field research time can be lost spending 
time sea rching through used car lots or reading the want ads. 
When the archaeologist spends more time attending to ailing 
vehicles during a field project than he does on archaeology, 
he can limit his research effectiveness and may end up 
ruining his project. The wrong vehicle can require constant 
repair and need daily attention if it was not designed for 
travel over terrain characteristic of the project location. 
Many an archaeologist has found to his or her horror that 
more than half of the fieldwork budget (which could have 
been used either to prolong or to intensify the project) has 
been spent on vehicle rental, repair, or on a fuel bill greatly 
in excess of what it might have been had a different vehicle 
been chosen. 
If a vehicle is selected that is too small to adequately 
transport the project crew and its equipment , a second 
vehicle may have to be rented or purchased, necessitating a 
100 percent increase in monetary outlay. The mechanically 
naive archaeologist who decides that the only vehicle fitting 
his field requirements is the one costing $15,000 new may 
also be unpleasantly surprised when his grant proposal or 
contract bid is rejected because the transportation budget is 
too high . The same archaeologist wi.ll be chagrined to see a 
competing project purchase and modify four used vehicles 
for the same $15 ,000 and obtain four times the mobility , 
logistical independence, or time effectiveness that he or she 
could have had . 
Field vehicles play stellar roles in many an anecdote told 
around archaeological camp fires , and most researchers with 
more than a year of experience in the field abroad or in desert 
or tropical rain forest environments can usually cite in-
stances in which a dependable vehicle "saved" the field 
project from disaster. Unfortunately, many more stories 
feature vehicular villains: perhaps the conveyance broke 
down constantly, or it used up every available dollar, or it 
had to be abandoned and the proj ect forced to terminate 
early. 
Like many field archaeologists, I have spent hundreds of 
hours working on both good and bad field vehicles, patching 
them back together with wire and pot metal fragments found 
by the side of the road. I have also reconnoitered many a 
salvage emporium in search of spare parts or made the wrong 
part fit like "a true knight of the junkyard," as one leading 
archaeologist so aptly describes the common persona. Be-
cause of this, I am still surprised at the general level of 
vehicular ignorance manifested by most archaeology stu-
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dents; perhaps this is why certain vehicular oversights occur 
again and again in archaeological field situations. This is not 
to say that I have not committed my share of vehicular faux 
pas, for I have. Indeed, I know of no other archaeologist who 
has ever had the engine of his borrowed vehicle break loose 
from its mountings and come to rest in the road only 1 km 
over an international boundary. Although a parts outlet was 
within easy reach in the countty I had just left, the vehicle 
was registered on my passport and I could not use that outlet 
because customs and immigration requirements forced me 
to improvise with what was locally available (in this case, 
nothing) within my new host countty. 
Several years ago while returning from a field season in 
Costa Rica, my pickup truck's pressure plate began to fail in 
Guaymas. By the time Hermosillo vvas reached the clutch 
pedal had flopped to the floor and the transmission could 
not be shifted while the motor was running. I took on 50 
gallons of gas outside Hermosillo, put the truck in fourth 
gear (high), and , with eight obliging Pemex employees 
pushing, got the vehicle started and drove the final 1,000 
miles back to Los Angeles jammed in gear. Despite small-
town traffic and even funeral processions, only one stop had 
to be made, at U.S. customs in Nogales, where customs 
agents had to push-start me again. 
During another recent field season in Central America, 
in which approximately 8,000 miles were put on our 23-year 
old field vehicle in two months, the following mishaps 
occurred: our pickup was driven at high speed into a 30-m 
long pile of asphalt, just slightly higher than the bumper and 
invisible in the darkness of a rainy night in the Isthmus of 
Tehuantepec. The vehicle became high-centered, and the 
impact knocked the air cleaner off the carburetor and into 
the fan, while soft asphalt filled the entire engine compart-
ment and entered the carburetor. 'vVe dug out the engine, I 
rebuilt the carburetor on the tailgate by flashlight , and we 
were back on the road an hour after daylight. 
Next, while stuck in traffic in Tapachula, the clutch 
linkage fell into the street in front of a traffic cop, who 
obligingly directed other vehicles around us while I put 
everything back together. Once over the Guatemalan bor-
der, a front wheel bearing wore out at high speed and the 
front brake drum cracked , incapacitating the entire vehicle; 
this led to a tour of wrecking yards on the south coast of 
Guatemala , the purchase of a used drum and bearings, but 
the loss of only a single day. Next, a rubber front b rake line 
broke due to fatigue; to keep the vehicle from losing all its 
brake fluid I plugged the offending line and was able to 
continue driving. With only "three wheel brakes" every time 
pressure was applied to the pedal, the truck veered danger-
ously to the left (that is, into oncoming traffic), but this 
temporary correction was enough to get us to Guatemala 
City, where a new brake line could be purchased. Next, 
during a mad rush down the volcano in search of a hospital 
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Figure 7. 1: The archaeological· field vehicle in its most basic form. 
a, two-whee led, hand-drawn cart with pneumatic t ires . Salinas de los 
Nueve Cerros, Alta Verapaz, Guatemala, 1975. 
during the premature delivery of our camp cook's baby, I 
rammed the truck's oil pan into the rock in Lhe middle of the 
road that I had been able to avoid during three prior field 
seasons. This miscalculation left the oil pan creased and 
perforated. A local coffee planter let me use his arc-welder, 
and while underneath the truck I successfully welded the 
crack in the pan after six unsuccessful attempts (this entailed 
filling the pan with oil, checking it for leaks, then draining 
it each time) . Finally, we had 12 tire explosions over our two-
month field season resulting from bad roads and an over-
loaded vehicle. Five of these occurred within a 12-hour 
period in Sinaloa on the way home, leading to an intimate 
familiarity with eve1y vulcanizadora and llantera over a 500-
km stretch of west Mexico. This was a normal (that is, 
vehicularly uneventful) field season, insofar as no maj or 
accidents occurred and no engines needed overhaul. 
In a different country, a visitor to a field project I was 
working on broke an axle on his first day in camp . His car 
must have been the only make and model of its type in the 
entire hemisphere, and needless to say it was tovved off the 
road and remained under a shed roof for the remainder of the 
field season. In yet a third country, an associate stranded 
with the wrong kind of vehicle during the rainy season in a 
remote area saw fit to do some road improvement work 
using as ballast the masonry from thousand-year-old pyra-
mids, while in a fourth country another associate, unfamiliar 
with her vehicle and with her own capabilities, managed to 
park her four-wheel drive once in the Pacific Ocean just 
before high tide and once in quicksand over a kilometer up 
a creek from the nearest firm ground. It is therefore not 
surprising that a few archaeological research institutions do 
not trust their scientific staff with the task of driving but 
instead supply professional chauffeurs to get the field re-
searchers to and from their sites . 
Most field projects cannot afford such luxuries, how-
ever, nor can their participants commute on a daily basis 
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b 
b, four-wheeled, hand drawn cart wit h iron wheels, loaded with 
outboard motor, 17 gallons of fue l, tools, suppl ies, and fie ld equ ipment. 
Sa li nas de los Nueve Cerros, 1978. 
from their domiciles to the field location; fewer project 
locations still can be reached through public transportation. 
Like it or not, most archaeological field endeavors depend 
very heavily upon motor vehicles for the basic requirements 
of personnel and equipment transportation, supply of essen-
tials, and for emergency escape. No matter how efficient any 
given transportation system appears to be or how well-suited 
a particular vehicle is to the project requirements , some 
saving of purchase or upkeep cost can usually be obtained 
through a greater familiarity with what has surely become 
one of the researcher's most helpful logistical tools: the 
archaeological field vehicle. 
SELECTING A FIELD VEHICLE 
Because many archaeologists spend a good deal of time 
inside vehicles en route to project locations, most such 
individuals are familiar with the shortcomings of their 
particular make and model. Unfortunately, this knowledge 
usually comes at a time when it is impossible to modify the 
vehicle to increase its effi ciency or to exchange it for some-
thing more appropriate to the needs of the speci fic project. 
The best transportation may in fact not be a conventional 
motor vehicle at all , but a motorcycle, a boat, a mule, or a 
dogsled, depending upon local topography and availability. 
Motor vehicles may be completely out of the question 
because of excessive cost, the unavailability of fuel , licensing 
or permit problems, the probability of theft, or lack of roads, 
and some different means of terrestrial transport must be 
found for personnel and supplies. In such circumstances, 
mules or mule-drawn carts may be the best solution (chap. 
8). In some extreme situations, even animal power is imprac-
tical: mules or horses cannot be rented, sufficient food 
cannot be found for them, disease may strike the animal or 
rustlers abscond with it, or some other problem prevents the 
archaeologist from making use of them. In such cases, only 
two options remain: either abandon the project or rely upon 
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human motive power. In the tropical rain fo rest, any pas-
sageway must be constantly defended against encroaching 
vegetation, and this can either be done mechanically (with 
bulldozer) or manually with machetes . The best vehicle for 
use here may in fact be a small bulldozer, but only if the 
archaeologist's ecological conscience permits it. A "swamp 
buggy" with oversize flotation tires (large enough to float the 
vehicle across streams and swamps) is another option, but 
roads must be kept clear for this machine as well. A specially 
rigged bicycle, familiar to many as standard in Southeast 
Asia, or a four-wheeled ca rt may in fact be the only wheeled 
vehicle practical for a rain forest project (fig. 7. 1), and these 
usually will have to be built by the archaeologist himself. In 
desert areas, a balloon-tired wheelbarrow may be the ulti-
mate choice, whereas in arctic climes the archaeologist may 
find himself relying upon a snowmobile or dogsled. 
While each different vehicle type or make and model 
presents certain advantages for a specific application and 
disadvantages for others, most archaeologica l projects are 
fairly standard in their requirements: the most common 
functions the field vehicle is called upon to perform include 
transporting personnel , transporting equipment , providing 
a safe storage place, and providing an ambulatory workshop 
and tool chest. This being so, is not a single kind of vehicle, 
such as the family car, best suited to the conOicting demands 
arising from archaeological application? Not really, because 
the two most basic demands upon the field vehicle (the 
ability to travel over rough terrain and to ca rry a large load 
a long distance) historically have led automotive designers to 
produce radically distinct vehicles. Vehicles made to transport 
a large number of people comfortably over long distances 
with all of their gear are not necessarily suitable for fording 
streams or scaling volcanic slagheaps once the destination 
has been reached. By the same token, the vehicle that can 
negotiate very rough terrain often has very expensive fuel 
consumption habits and costs too much to drive to the field 
project location and back again. The best vehicles for the 
situation outlined would therefore be, first, a large station 
wagon with a small engine, and second, a four-wheel drive 
jeep-type vehicle. Since it is usually impractical to tow one 
behind the other until a specific need is felt , a better solution 
would be to find a single vehicle that is a compromise 
between the two extremes, probably a truck with a good 
range of gears and a powerful engine. 
In selecting an archaeological field vehicle, budgetary 
considerations should include weighing the original pur-
chase price against the eventual upkeep expenses; both 
estimates must be made with a firm knowledge of the kinds 
of demands that will be placed on the vehicle in the field. A 
ve1y inexpensive used truck with many power accessories 
and automatic transmission, for example, may cost twice as 
much to run as the same vehicle with standard transmission 
and is therefore not economical in the long run. By the same 
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token , a four-vvheel drive vehicle that climbs the steepest hill 
imaginable but which costs $10,000 is not necessa1y or even 
desirable if it is constantly in the shop having transfer case 
components serviced, or if the same hill can be conquered by 
five different used vehicles costing $2,000 each by simply 
driving around it. 
There are many vehicular types and models available to 
the archaeologist: sedans, station wagons, light trucks, heavy 
trucks, vans, jeeps, 4 x 4 trucks, 6 x 6 trucks, and so forth , 
and almost as many engine types. Many vehicles can be 
ordered either with gas or diesel power, sometimes even 
with propane, and the same engine will have radically 
different output depending upon whether or not it has been 
equipped with smog control devices. Conversely, a six-
cylinder engine need not be more powerful than a four-
cylinder, nor need a V-8 engine consume more gasoline per 
mile than a four or a six. Selection of a field vehicle has less 
to do with the array of makes and models available than with 
a firm knowledge of basic vehicular types and how they 
function; of the thousands of makes and models that have 
appeared over the past few decades , most are now extinct 
(Georgano 1968). Archaeological requirements, because 
they involve moving fairly large crews, delicate field equip-
ment , and heavy artifact loads over long distances and rough 
terrain, are different from those placed upon the vehicle by 
the businessman, the botanist, and even the geologist or 
ethnologist. Functional considerations , therefore, should 
guide the selection of a vehicle rather than loyalty to any 
particular make or model, and the one chosen must be the 
most practical for the specific situation in which it will be 
used . 
Automobiles made during the early decades of this 
century were much more akin to trucks and tractors than to 
what ·we recognize today as the family car. This is because the 
roads of that period were little better than dirt tracks; hard 
pavement was rare and few banked curves existed . Because 
most archaeological projects require considerable travel 
over surfaces identical to those for which the cars of the 
1910s and 1920s were designed (figs . 7.2, 7.3), perhaps a 
brief look at some of the basic characteristics of a typical 
automobile of that period is in order. The Model T Ford 
enjoyed production for almost 20 years (1908 to 192 7) 
essentially unchanged; over 15 million were made because 
it was perfectly suited to the roads and to the economic 
situation of its time. It was a success because it was inexpen-
sive to purchase, cheap to run , easy to repair , simple to find 
parts for , easy to modify, and, most importantly, it could go 
almost anywhere. The Model T was geared low, had very 
good road clearance, and had few unessential features or 
concessions to comfort or vanity that added weight, reduced 
power, or unnecessarily complicated its mechanical opera-
tion. It could carry either a fairly large payload or six 
passengers through mud, sand , or slush without mishap. 
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Figure 7.2: Normal archeo logical road conditions. Two-foot deep ruts 
in a stretch of the Guatemala- Honduras spur of the Panamerican 
Highway, 1974. 
The family car of the present day, by contrast , has 
between one-half and one-quarter of the Model T s ground 
clearance, weighs at least a ton more , and usually features a 
very large engine that gets low gas mileage because it is 
burdened 'Nith accessories such as power steering, power 
brakes, air conditioning, and complicated smog-control de-
vices. Besides diminishing the power delivered to the driving 
wheels (which is, after all, the primary function of the 
engine) , such features add a great deal of unnecessaty weight 
and reduce the engine's life expectancy. Since the late 1970s 
many motors have been composed of modular or "plug-in" 
components that cannot be adjusted or fixed but must be 
discarded and replaced by brand new units when something 
goes wrong. In many cases , the car will only run on one kind 
of gasoline (such as unleaded) and cannot even be tuned by 
its driver because it has fuel injection instead of a carburetor, 
and electronic ignition instead of a distributor and breaker 
points. Not only may body styles change each year, but often 
engines may be redesigned with increases or decreases in 
displacement which ensures that pistons, cylinder heads, 
and other parts are noncompatible between model yea rs. 
Since 1958, this has been the general trend in the United 
States with but few exceptions, and it continues today, even 
though most manufacturers are producing smaller and less 
powerful vehicles. The post-1958 fami ly car, then , is fine for 
travel over paved surfaces and for trips no farther than a clay's 
journey from the nearest dealership or auto parts store, but 
in most cases is completely unsui table for archaeological field 
use. 
What kind of vehicle is best for use on field projects? 
There are two basic kinds, which can be categorized as either 
special or general purpose. A highly specialized vehicle, such 
as a small jeep or a five-ton clump truck with hydraulic lift , 
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Figu re 7.3: Normal archaeological road conditions. Road is two feet 
narrower than width of vehicle, and sheer drop on the right precludes 
detouring. The solutio n is to widen the road. North of Comayagua 
Valley, Honduras, 1983. 
is often appropriate for a long-running project where the 
vehicle can be stored during the off seasons when not in use. 
Such a vehicle need only be driven or shipped once to the 
project location and will more than justify the additional 
expense upon arrival if the need exists fo r it. Most archaeo-
logical projects have less specialized needs , however, and 
general purpose (o r compromise) vehicles can be expected 
to se rve in a variety of different contexts continuously over 
a long period of time. In fact, the general purpose vehicle 
must serve equally well as several different "special purpose" 
vehicles and do it in many different locations. The rule of 
thumb in selection should be that a special purpose vehicle 
should be bought only if no other vehicle can perform its 
function at least 50 percent of the time. This is because in 
nine cases out of even the worst ten , for example, four-wheel 
drive is unnecessary and the experienced driver can go just 
about anywhere with two-wheel drive. The one situation in 
which four-wheel drive might seem to be required can 
usually be managed with the two-wheel drive vehicle by use 
of a winch, shovel, length of carpet , or by a minimal amount 
of road work befo re driving over the area in question , or by 
simply backing up and trying a different track or road. 
Similarly, a five-ton dump truck becomes unnecessary if the 
driver of a half-ton pickup is willing to make ten trips to the 
backdirt pile instead of one. 
The general purpose vehicle is a compromise among 
different specific functions that may be mutually exclusive in 
terms of design dictates . The specific requirements of the 
field project in question and the archaeologist's familiarity 
with road conditions and terrain at the project location will 
be the most crucial factors in selecting such a vehicle. The 
archaeologist who must drive only 100 miles from the home 
institution to get to his or her project location but who, upon 
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arrival, must constantly cope with traveling through fine 
sand , deep mud , or unstable shale should probably opt for 
a four-wheel drive truck or jeep-type vehicle. In this case, the 
poor fuel economy of such vehicles is more than compen-
sated for by the efficienc)r of the vehicle over surface condi-
tions that would defeat most two-wheel drive vehicles. But 
this is true only when the location is close to the point of 
origin. If getting to the project location , however, involves 
driving several thousand miles over good to poor roads and 
four-wheel drive is never absolutely essential at any time at 
the project location, a two-wheel drive vehicle becomes the 
only logical choice. A difference in fuel consumption of 
between 6 and 20 miles per gallon may not be too important 
within the context of a project in the next county or state, or 
when the vehicle will be used only occasionally; but when a 
10,000-mile round trip must be made in order to do 
archaeology, such a difference can easily bankrupt the 
project or force its abandonment. 
The vehicle selected should be a relatively common 
make at the project location (not necessarily at the place of 
purchase) , so that parts stores or at least dealerships will be 
familiar with it. There should be plenty of identical or nearly 
identical models still running at the project location so that 
local mechanics will have some familiarity with its idiosyn-
crasies and local wrecking yards can be expected to have at 
least a few of the same model for cannibalization when spare 
parts are required . The model should also have been in 
production long enough for its strengths and its weaknesses 
to have become common knowledge; these can be learned 
from other owners/drivers of the same make, and individual 
vehicular life-histories can be compared. The vehicle should 
neither be so old that spare parts have gone out of out stock 
or are obsolete, nor should it be so new that spares have not 
reached out-of-the way dealerships or parts outlets. Vehicles 
meeting all of these requirements will , of course, vary in 
different parts of the world. Ford and Chevrolet pickup 
trucks, for example, would seem best suited for use in North 
and Central America, Land Rovers for most of Africa, older 
Volkswagen buses for western Europe, and Toyota Land 
Cruisers for most of Asia. A rotary-engined truck would be 
a poor choice for use in a region exclusively populated by 
piston-driven vehicles, as would a 1962 Borgward station 
wagon be for use in Alaska or a 1954 Studebaker truck in 
Costa Rica. 
The vehicle selected must be as simple to run and work 
on as possible and should have a high degree of parts 
interchangeability with other makes and models. It should 
not be so delicate that jerry-rigging broken parts or forming 
replacements out of similar parts but from different engines 
will cause its premature demise. Therefore, the best choice 
of vehicle would be the most recent model in a long- running 
line or a recently rebuilt ea rly model in the same line. Such 
a vehicle would have a chassis and body style basically 
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similar for many years and should accept a variety of 
different engines, transmissions , and running gear. It is a 
very good idea , before purchase, to investigate hovv many 
different engines of different displacements, cylinders, and 
the like will fit the transmission that comes with.the vehicle, 
and vice versa, as well as how many such engines will 
accomodate supposedly "interchangeable" parts such as 
water pumps or distributors. 
The most efficient vehicle for all-around archaeo logical 
work is probably a pickup truck. But what is a pickup truck' 
The old joke that a pickup truck is simply a car with a hole 
in the back is not really true because of the almost limitless 
variety of pickup features and how each combines with 
another. The essential variables tend to be either-or kinds of 
options. Pickups are available as full-size vehicles or as mini-
trucks; with two-wheel drive or four-wheel chive; with 
stepside _o r Fleetside beds; as shortbeds or longbeds; as 1/2 
ton or 3/4 ton; with six-cylinder or VS-motors; with 3-speed, 
4-speed , overdrive, or automatic transmissions; wi.th 5-, 6-, 
or S-lug wheels; and so on. A vehicle that may be perfect in one 
configuration may end up being disastrous in a different one; 
the worst truck I ever used on a field project was a four-wheel 
drive longbed Fleetside 3!i-ton pickup with a six-cylinder 
engine that got terrible gas mileage and yet could hardly 
power itself up even marginally steep hills. 
The three most important qualities of an archaeological 
field vehicle are durability, dependability, and economy. In 
terms of engine size, bigger is not always better even in the 
contexts of power, but smaller is not always more economi-
cal either. For example, most Ford and Chevrolet trucks will 
accept a variety of engine types, from small to large in-line 
six-cylinder offerings through small and large block VSs. 
The largest of the six-cylinder engines (the 292 Chevrolet, 
for example) give much poorer gas mileage , all other fac tors 
being equal, than the small-block VSs, even though the six 
has a smaller cubic displacement. Small-block VS engines 
made by Ford or Chevrolet would probably be the most 
optimal power plants in any archaeological field vehicle, and 
in fact are "swapped" into different makes (such as j eep 4 x 
4 vehicles) because of their reliability, economy, and ease of 
maintenance. 
Newer is not always better than older when selecting an 
engine, but the archaeologist should take care not to obtain 
a vehicle with an engine so old that parts are not available for 
it. The time of peak engineering efficiency in American VS 
motors was in the 1960s, as a brief review of developments 
within just one make should indicate. Ford introduced the 
first modern VS, the "flathead ," in 1932 and this virtually 
unbreakable motor continued in production until 1954. 
Some older trucks still retain these engines, and some 
enthusiasts maintain vintage examples in good working 
order, but the comparatively low power output (never more 
in stock order than 110 hp) and near impossibility of parts 
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availab ility cancel out any advantages. Next came the Y 
block, the firs t Ford overhead valve VS engine , commonly 
fo und in 1954 through 1957 cars and 1954 through 1965 
trucks. This was offered in 239, 272, 292, and 312 cubic 
inch variants but was hard to modify, had a comparatively 
low power output , and is now difficult to find parts for. 
Next came the Ford big-block or FE engine, introduced 
in 195S and continuing in production until 197S. It was 
offered in 332, 352, 390, 427 , and 42S cubic inch configu-
rations. Of them alt, the 352 and 390 versions are the most 
common , and millions of these motors are running every 
day. The small-block Ford VS, introduced in 1962 as a 221 
and 260 cubic inch engine, was enlarged to 2S9 inches in 
1963 , to 302 inches in 196S, and 35 1 inches in 1969, with 
some parts from the 351 Windso r motor not being inter-
changeable with the earlier motors. The best small-block 
variants are the 2S9s and 302s, and , like the big blocks, are 
still running by the millions in many different countries. 
Later, Ford VSs incorporated another 351 cubic inch 
motor completely different from the "Windsor" small block 
called the "Cleveland ," later expanded to 400 cubic inch; the 
big motors were completely redesigned and offered in 429 
and 460 cubic inch ve rsions after the early 1970s. The 
Cleveland motor is a high-compression, high-horsepower, 
low-gas mileage unit, while the 429 and 460 have remark-
ably low horsepower for their size, and low compression, 
and provide extremely poor gas mileage. Both the Cleveland 
and the 429/460 are inefficient , gas-wasteful engines, and, 
unlike the earlier big-block and small-block VSs, neither 
interchanges parts with other mode l lines; avoid them. 
More recent engines are designed to run on lower octane 
gas than the engines of the 1960s, and consequently use 
more gas for the same horsepower generated than do high-
compression engines. Post-1975 low-compression engines 
produce less power for the same volume of gas consumed. 
Modern engines equipped with smog equipment, such as 
pumps, thermactors, and catalytic convertors, do produce 
fewer emissions than some ea rlier motors, but their greater 
inefficiency results in more gas consumed for the equivalent 
amount of horsepower generated by a nonsmogged motor. 
To keep horsepower output leve ls on a par with 1960s 
motors in the "smog era" of the 1970s and l 9SOs, designers 
increased displacement over and over again, and , as a result, 
the 460 Ford engine in 1976 produced only 202 hp with a 
four-barrel carburetor, virtually the same power output as 
the 2S9 engine of 10 years earlier with a two-barrel carbure-
tor. In the same pickup truck, the 460 will get only 6 to 10 
_mpg, while the 2S9 will reward the driver with 18 to 22 mpg. 
A comparison of common Ford engines of 1966 and 1976 is 
offered in table 7 .1 , detailing the d rop in efficiency, economy, 
and power that began 20 years ago and continues today. 
By the same token, a four- cylinder engine may not be 
substantially more economical than a small VS, for it has 
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Table 7. 1. "Improvements" in Ford® engines. 
Year CID Comp Carb HP 
1966 289 9.3/1 2V 200 
289 10/1 4V 225 
289 10.5/1 4V 271 
352 9.3/1 2V 235 
352 9.311 4V 250 
390 9.511 2\1 265 
390 10.5/1 4V 315 
390 11/1 4V 335 
427 1111 4\1 410 
1976 302 811 2\1 130 
35 1\.V 8/1 2\1 140 
35 l lvl 8/1 2V 152 
400 811 2\1 180 
460 8/1 4\1 202 
higher rpms than the VS at almost any given speed and will 
wear out much faster than the larger engine if neglected. A 
fo ur-cylinder engine usually will have a productive life span 
of only 100,000 miles or so before a rebuild is necessary; 
some require valve grindings every 10,000 or 25,000 miles 
for continued running efficiency. Most American-made VS 
engines can be expected to run (with proper maintenance) 
fo r up to 150,000 , and , in some cases, fo r 200,000 miles 
before rebuilding, and this may cancel out any four-cylinder 
advantages in economy through fuel consumption . Even a 
3/-i -ton truck with a small VS, 2-barrel carburetor, 4-speed or 
overdrive transmission , and radial ti res can get around 20 
miles to the gallon if the cruising speed is kept low and the 
driving is consistent , while many four- cylinder vehicles in 
off-road contexts or on poor roads will not average much 
more than 22 or 24 miles to the gallon . 
The field vehicle should have a high power-to-weight 
ratio; this is found more easily in a lightweight vehicle than 
in an overpowered one. The vehicle should also have good 
road clearance so that rough roads, streams, sand, and mud 
patches can be negotiated without breaking the undercar-
~iage, oil pan, or differential, and so that the vehicle does not 
get high-centered. Ground clearance is not the same as body 
clearance, for a jacked-up body is not proof against getting 
stuck (this only increases the clearance between the body and 
the tires) . Tall tires on large '"'heels are the only way to achieve 
substantial ground clearance, and a vehicle should be se-
lected that offers at least 6 to S inches between the lowest 
point on the body frame or running gear (usually the differ-
ential) and the ground. If this degree of clearance is not 
present , either the vehicle will have to be modified or another 
vehicle chosen. 
The general duty vehicle should have a transmission 
geared for low engine rpm at top speed in high gear in the 
interest of fuel economy and at the same time should have a 
low gear (usually a compound or "granny" low) that can 
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approximate the traction offered by a four-wheel drive 
system. It should be large enough to carry the entire project 
crew and all of their equipment, unless the project is so large 
that more than one vehicle is required. It should also be 
secure enough for the safe storage of all valuable field 
equipment and camp funds. Under no circumstances should 
the archaeological field vehicle have automatic transmis-
sion, power brakes , or power stee ring, for these options add 
quite a bit of expense to the purchase price , increase fuel 
consumption up to 25 percent, and diminish problem-
solving capabilities Lo an extent not acceptable in a field 
vehicle. A vehicle cannot be gravity-started with an auto-
matic transmission if the battery goes dead, and often a 
vehicle abandoned for a short time while the driver is in 
search of a battery recharger is found beyond salvage upon 
his return because of the attentions of vandals or parts 
thieves . Nine times out of t(:'.n , a drained battery can be 
recharged by the vehicle's own charging system if that 
vehicle can be push-started ; this is, of course, an impossibil-
ity with an automatic transmission. With an automatic, it is 
difficult to brake using the engine on mountain roads or 
when heavily loaded , and this tends to put undue 'Near on 
the brakes and tires. Most power steering and power brake 
systems function only when the engine is running. If the 
engine stalls, as frequently happens under field conditions of 
adverse terrain (or because of poor or impure fuel) , the 
driver can find himself unable to steer the car or to stop it 
when and where he desires until he can get the engine started 
again . These shortcomings are not usually a problem in the 
driveway at home , but in the field they can mean the 
difference between vehicular destruction and serious inju ry 
or merely a bothersome delay. 
The archaeologist selecting a field vehicle, even when 
funds are plentiful, must decide between new and used 
transportation . Many new trucks cost in the neighborhood 
of $13,000, and most four-vvheel drives start at around 
$16,000. A used vehicle in very good mechanical condition 
will almost always cost one-half of the price of a new one and 
sometimes can provide savings of up to one-fifth the total 
purchase price new. Maintenance costs, however, rise pro-
portionately to the age of the vehicle, and the time and 
expense that will be involved must be considered. Shipping 
costs are based upon weight ra ther than on the vehicle's total 
value. The greater frequency of repairs in a faraway location 
may cancel out any financial savings made over the purchase 
price of a new one. When considering a new model, how-
ever, it is important to recognize that many new "field-type" 
vehicles have features that render them useless in archaeo-
logical fie ld situations. This is because the increasing subur-
ban market for such vehicles has encouraged manufacturers 
to load them down with appurtenances more reminiscent of 
the family sedan than an off-road vehicle. Because such new 
vehicles are becoming more and more expensive yet less and 
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less suited for hard use under adverse conditions , it often 
makes very good sense for the archaeologist to purchase a 
used vehicle. 
Any used vehicle has, of course, already had a certain 
percentage of its total usable life span expended and in this 
regard cannot compare with a model just off the assembly 
line. At the same time, however, many 20- or even 30-year-
old vehicles were so well designed that they still have a much 
longer life expectancy than a brand new truck or four-wheel 
drive. The number of 1942-1945 Willys j eeps still runn ing 
is ample testimony to this as well as to how little we have 
come to expect from new vehicles today. Perhaps the best 
way to judge the probable longevity of a potential purchase, 
or to prognosticate future problem areas, is to visit several 
wrecking yards and inspect a sampling of vehicles identical 
to the one being considered for purchase. The archaeologist 
buying a used vehicle must accept the inevitability of having 
to make repairs and purchase new parts in much greater 
frequency than would be the case with a brand new model, 
but the low original purchase price usually allows for even 
major repairs to be made without the total financial outlay 
approaching the cost of a new vehicle. Driver confidence in 
a used vehicle is increased if the new owner knows exactly 
what has been rep laced or rebuilt; working on the used 
vehicle will not only result in a more reliable piece of 
transportation but constitute advanced training that will be 
essential for problem solving in the field. 
Certain rules of thumb apply to the purchase of used 
vehicles, and these can always work to the advantage of the 
buyer. A dented body that looks bad but is still structurally 
sound , for example, will result in a lower price but should be 
of no concern to the archaeologist. A vehicle with excellent 
running gear and body but a blown engine or wrecked 
transmission can often be bought for only a few hundred 
dollars; a new engine or transmission will cost no more than 
a thousand dollars and a like-new vehicle can be obtained for 
a total investment of less than $1,500. It is always best to buy 
a used vehicle that has not been subjected to extensive off-
road travel, for there is no way of knowing what abuses it has 
been exposed to. A heavy-duty vehicle that has been mainly 
used on the street can often be converted to off-road use 
much more inexpensively than a beat-up off-road vehicle 
can be repaired if it has seen hard usage. For example, you 
can expect to pay no less than $500 to have a frame 
straightened if your newly purchased off-road truck or jeep 
has hit one rock too many. Similarly, a two-wheel drive 
vehicle should never be purchased with the idea that it can 
be converted to four-wheel drive inexpensively. Unless 
unlimited time, money, and a complete, free-of-charge 
machine shop are available, this is an impossibility. While 
purchasing a used vehicle always involves a certain amount 
of risk, the practical advantages are great, for often a proj ect 
can buy five used trucks for the price of a single new one , or 
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use the m oney saved to hire five times as much labo r , run 40 
m ore carbon d ates, or stay in the fie ld for several additional 
weeks or m onths . 
NEW VS. USED VEHICLES 
W hen selecting an archaeological fie ld vehicle , the m ost 
basic choice is be tvveen buying new or used. Although 
financial cons traints overw helmingly favor used vehicles, 
budgetary consideratio ns should include weighing the origi-
nal purchase price against the eventual upkeep expenses. 
Many b rand new vehicles are poorly constructed , and many 
m ore have plastic o r po tmetal parts than d o those vehicles 
m ade during the 1960s and early 1970s. Man y new vehicles 
cannot be tuned because they contain electronic igniti on 
systems w ith "black boxes" and fuel inj ection systems in-
s tead o f carburetors, rendering them unfixable under n or-
m al fie ld repair conditions . The m ost telling reason against 
b uying a vehicle new, however, is the price . Even the 
s implest new pickup trucks have d oubled in price over the 
past d ecad e and are ridiculously exp ensive at present. A 
representative idea o f the cost o f new vehicles can be 
obtained , for example, from table 7 .2 . 
With prices so high , beyond the reach of most public 
institutions that engage in archaeo logical research and cer-
tainly beyond the m eans o f a ll but the richest archaeology 
s tudents, the logical alternative is buying a used vehicle. A 
used truck only 5 or 6 years o ld m ay seem a bargain ifbeing 
sold fo r half its purchase price new (fo r example, $4 ,000 as 
opposed to $8,000), especially w hen the current m odel costs 
quite a bit more due to inflatio n , perhaps as much as 
$ 10 ,000 . But a five-year-old vehicle is no bargain at $4 ,000 
if it has automatic transmission and its four- or s ix-cylinde r 
engine is wo rn out. Rebuilding the en gine w ill cost at least 
another $ 1 ,000, and even then if the vehicle h as power 
b rakes, power s teering, air conditioning and other accesso-
ries, these will s till contribute to additional power loss and 
increased gasoline consumptio n . The five-year-old vehicle 
consequently is a much poorer ch oice than a 20-year-old 
vehicle with s tandard transm ission , no unnecessary o ptions, 
and a s trong if somewhat high-mileage VS, especially when 
the 20-year-old truck costs $ 1 ,800 ins tead o f $4 ,000. 
Where does one buy a used vehicle? Certainly not from 
a used car d ealer , as the selling price will normally b e 100 
percent m o re than a private party would accept. There are 
selle r's m arkets and buyer's m arkets, and the price of the 
same vehicle goes up or down depending upon supply and 
demand . The sam e used pickup truck in Los Angeles m ay 
cost d o uble what a seller in Fresno, Visalia, or Bakersfield 
would ask, s imply because in agricultu ra l areas, where a 
higher percentage of all vehicles on the road are pickups, the 
buyer has a w ide r selection , and in areas o f lower p opula tion 
d ens ity used vehicles tend to sell more slowly . The larger 
cities in North Am erica frequently have "auto trad er" or even 
Table 7.2. New vehicle costs, 1994. 
Vehicle Cos t ($) 
Ford 1/i-ton Fleetside longbecl 
150 V8 auto, pwr str 9,800-15,000 
Ford 3/;-ton 250 
V8 auto, air, pwr windows 
Chevy 1/i-ton auto 
13 ,500-1 7,000 
14,865 
Ford Bronco 4 x 4 22,000 
j eep Cherokee 4 x 4, 6 cyl 
Chevy S-10 Blazer V6 at, ac 
16,964 
11 ,580 
Table 7 .3. Used truck prices in Los Angeles, 1993. 
Year Type Cost($) 
1961 Chevy 1/2-ton Feetside longbed 283 800 
1963 Chevy 1/2-ton Fleetside shonbed 2S3 VS 3-speed 2,600 
1963 Chevy 1/Hon Feetside longbed 283 VS 3-speed 2,300 
1964 Chevy El Camino 6 cyl 3-speed 1,500 
1965 Chevy 3/Hon Fleetside longbed VS 3-sp/od 2,SOO 
1965 Chevy El Camino 2S3 VS 4-speed (extra engine) 1,495 
196S Chevy 3/;-ton utility 32 7 3-speed S50 
196S Chevy 1/2-ton Fleetside longbed 307 VS 3-speed 750 
1969 Chevy 3/;-ton utility body VS 4-speed new paint 1,995 
1969 Chevy El Camino 6-cyl auto 2,500 
1970 Chevy 3/; -ton Fleet side longbed 350 VS 3- speed 2 ,000 
1971 Chevy l/2-ton Stepside shortbed 6 cyl auto l ,SOO 
1971 Chevy 1/2 -ton Fleetside longbed VS auto 2,250 
1972 Chevy 3/;-ton Fleetsicle longbecl 350 VS auto 1,295 
1974 Chevy 1/Hon Fleetsicle shortbed 6 cyl 3speed 1,600 
1949 Ford 1/Hon Stepside 6 cyl 3-speed 1,000 
195S Ford 1/2-ton Fleetside shonbed VS 1,300 
1959 Ford 1/i-ton Fleetside with camper (smokes) 400 
1960 Ford Ranchero 6 cyl (new engine, new paint) 1,950 
1961 Ford 1/2-ton Fleetside longbed 292 VS 3-sp/od 1,500 
1962 Ford 1/2-ton stepside 6 cyl 3-speed 1,200 
1963 Ford 1/2-ton Fleetside longbed 1,100 
1965 Ford 1/2-ton Fleetside 1,500 
1965 Ford Ranchero 6 cyl auto 999 
1964 Ford 1/2-ton Stepside shortbed 6 cyl 3-speed 749 
1969 Ford 1/2 -ton Fleetside longbed 390 VS 4-speed l ,SOO 
1970 Ford %-ton Fleetside longbed 390 VS auto 2,500 
1973 Ford 3/;-ton Fleetside longbed VS auto 1,995 
19S2 Chevy Blazer VS 6,495 
19S5 Chevy Blazer V6 3,950 
19S5 Ford 3/; ton, 460 4,000 
19S4 Ford Pick-Up, 4 x 4, 3/; ton, VS 3,SOO 
19S4 Ford Bronco ll , V6 3,995 
1977 Ford Ranchero 1,550 
1978 Ford Bronco, 4 x 4 4,200 
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Figur·e 7.4: a, The problem: truck can get no traction at bottom of 
boulder field and is sliding sideways to the left and will eventually 
overturn. North of Comayagua Valley, Honduras, 1983. 
"truck trader" photo-illustrated want ads for used vehicles; 
in Los Angeles , fo r example, t'NO separate "truck trader" 
publications are available each week. 
Looking through the want ads, one sees used j eep 
pickups, International Harvester pickups, even Studebaker 
pickups for sale; sometimes these are at bargain prices , but 
they should be avoided . For most of these makes , parts 
availability is a problem, and , for Studebakers, parts are 
nonexistent. If the archaeologist has an exotic, rare, or 
discontinued vehicle such as an International Harvester 
Scout , even simple repairs become complicated and frus-
tra ting. Rather than replacing a faulty water pump with a 
new one available at the local discount parts store as one 
would with a Ford or Chevrolet, one must search through 
mail-order catalogs fo r "collectors" or obsolete parts, pay 
three to five times what the same part for a Ford or Chevy 
would cost, and then wait for days or weeks while a part is 
shipped. 
So, our initial elimination in looking through our 
sample of used vehicles involves the deletion of all "exotic" 
or unacceptable makes , leaving us with only Ford or 
Chevrolet pickups. Next, all antique (that is, prewar) ve-
hicles are discarded , as are trucks described as "restored ." A 
restored older pickup truck usually will be offered for a price 
as high as a new vehicle; in any case, the archaeologist wants 
to buy a pickup to beat it around the boondocks, not to put 
it in a museum. Next, one deletes all four-wheel drive 
vehicles from the sample, which by now is dwindling 
rapidly. Finally, one may or may not delete all entries that 
"need work" or are described as "not running," for these are 
risky categories of used vehicles that neec! careful study. At 
this point , we have reduced our used vehicle sample from 
5,000 to around 35 (table 7. 3) , and now we can proceed to 
select an even smaller sample by evaluating each vehicle 
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b, The solution: opposite side of truck is chained to a tree and a 
corduroy roadbed of small trees and sapl ings anchored with boulders is 
placed under the truck to lessen the steepness of the slope. Tr-uck is 
jacked a few inches at a time at rear to build up the escape platform. 
against the purpose for which it is to be applied. 
Problem cases (the "needs-work" category) are set aside 
fo r separate consideration. Now, delete all stakebeds, utility 
bodies , shortbeds, stepsides , automatic transmissions, 3-
speed transmission, and light trucks from the total, and we 
are left with only a fevv candidates . Telephoning the owners 
may eliminate another set, further reducing the sample. What 
is left are the ones to look at and test drive. 
The problem cases should also be evaluated , as the 
asking price for a fixer-upper is always much less than that for 
a "runs good" offering. Mechanical problems are usually 
much easier to correct than is any kind of major body damage 
except for that to fenders (a used fender from a wrecking yard 
normally costs from $25 to $100). Vehicles offered with 
"some rust" should also be avoided . A pickup with an engine 
that smokes or a failing transmission that nevertheless runs is 
always a less risky purchase than one with no engine at all. A 
running vehicle, even one with rod knock or belching blue 
smoke, reveals much about running gear, transmission, 
brakes, electrical system, and gauges, but none of these 
systems can be checked in a nonrunning vehicle. A new or 
rebuilt engine will have to be purchased for either vehicle, but 
in one case that may be all that is necessary, while in the other 
it is just the beginning. Paying virtually nothing for a vehicle 
with a blown engine and perfect remainder is a great deal. 
Paying even a dollar for a vehicle with a blown engine, 
wrecked transmission, bad rear end , burnt-up electrical 
system, blown gauges, no brakes, or bad suspension is -a 
major mistake, and one easily made by the unwary. 
Nevertheless , when a needs-work vehicle is purchased 
and the archaeologist does all the work on it himself, a great 
saving is made over any other kind of purchase . A tired engine 
can either be rebuilt or replaced with a better used engine 
bought from a wrecking yard , but either option has certain 
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Table 7.4. Cost to fix a "needs-work" vehicle. 
Cost of 1970 3/.+-ton truck 
Oi l, coolant, gasket sealer, paint 
Camshaft, lifters , oil pump, gasket set 
Chevrolet 307 rebuilt short block 
Clutchplate , pressu re plate, throwout 
bearing 
Motor mounts 
Tune up parts 
Gasoline pump , wire, clamps 
Harmonic balancer 
Recored radiator 
Total 
$200 00 
$15.13 
$162.73 
$385.79 
$86.08 
$19.92 
$14 .43 
$49.42 
$9.60 
$143.78 
$1,086.88 
advantages and disadvantages. Seldom do all parts of an 
engine wea r out at equal ra tes . Commonly, a VS engine with 
over 100,000 miles which has never been abused will have 
lower compression than an equivalent new engine, yet 90 to 
95 percent of the original compression (and power and gas 
economy) can be restored by a comprehensive valve job 
without even removing the block from the chassis. 
VS valve jobs normally run approximately $50 to $150 
for labor alone, exclusive of new valves, springs, or valve 
guides if these are necessary. These prices are, of course, if 
the archaeologist pulls ~he heads himself or herself and 
delivers them to the rebuilder. Nevv gaskets , fluids, etc., 
normally add another $20 to $50 , rounding out even the 
most uncomplicated VS valve job to roughly $70 to $200. 
New valves can run fro m $5 to $12 apiece, and if all 16 need 
replacing, the cost of a "simple" valve job can become 
astronomical. It may be cheaper all around to simply ex-
change the old heads at a rebuilder's for identical rebuilt 
units: with trade-in, 6-cylinder heads may average around 
$120, VS heads $150 to $200 a pair. 
Regardless of how many corners are cut , rebuilding 
most engines today is a comparatively expensive proposi-
tion. Perhaps the most efficient and timesaving way to go 
about this is to buy a new short or long block from a 
reputable rebuilder after pulling the old , worn-out engine 
from the vehicle and removing all externals . Rebuilt engines 
may be purchased in either short-block (without heads) or 
long-block (with heads) form; if the bottom end of the old 
engine is worn out but the head or heads are good, buying 
a rebuilt short block and bolting on the old head or heads can 
result in a saving of $100 to$ 300 over the purchase of a long 
block. In both cases, all externals (water pump , alternator or 
distributor, oil pan, oil pump, valve covers, flywheel, clutch , 
pressure plate, intake manifold , carburetor, distributor, 
exhaust manifolds) are missing from the block and must be 
supplied by the buyer. These externals are normally taken 
from the old, worn-out engine that is given to the rebuilder 
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as a trade-in , and simply bolted onto the new block after 
cleaning and painting. 
Buying a used engine from a wrecking yard is an 
extremely risky business. "Mystery" motors, that is, those 
thrown in free with a desirable body and running gear, 
should be presumed to be junk, possib ly worth rebuilding, 
but should never be assumed to be reliable or have much 
mileage left on them. The exception is with Japanese truck 
motors (Toyota, Nissan) that have been imported under 
bond from Japan and sold through retail parts stores. 
Japanese emissions and tax legislation is so stringent, 
with annual inspections resulting in impoundment of ve-
hicles, that many Japanese drivers junk three-year-old ve-
hicles and buy new ones rather than do the minor adjust-
ments needed to bring the engines, few of which have more 
than 25,000 miles on them, up to specs. The cars and 
pickups that do not pass cannot be resold and must be 
stripped ; they provide a source of used parts worldwide. 
Used engines guaranteed to have no more than 30 ,000 miles 
on them are available from many U.S. parts importers fo r 
$350 or less . Frequently, the intake manifolds and carbure-
tors must be replaced to render these engines legal for U.S. 
usage, so it is advisable to retain the externals from the old 
engine. 
One archaeologist had a 1974 Toyota truck with an 
l SOO cc engine which burned or blew out a quart of oil every 
20 minutes . The archaeologist opted to purchase a used 
motor imported from Japan. The unit was bought for $3S5 
(more than the $300 purchase price of the vehicle) , and after 
a three-day weekend of work, the used engine was installed , 
no oil was being burned , and operating costs were cut in half: 
the archaeologist's total investment in a field truck that 
should be good fo r at least another 10 years remains under 
$1,000. An example of the more conventional needs-work 
situation ·is offered in table 7.4 for a 1970 Chevrolet 314 ton 
Fleetside longbed I purchased with a barely running 307 VS 
motor, but basically sound body, electrical system, 4-speed 
transmission, and the extra benefits of a camper shell and 
triple gas tanks. 
DRIVING HABITS 
As a teacher who has sent more than one studen t off in the 
proj ect vehicle on a simple errand only to be told some time 
later that the truck has gotten mired up to its door sills in an 
Olympic-sized mudhole or that a helpful volunteer has 
managed to flip a jeep onto its roof while climbing a steep hill 
too fast (figs . 7.4 , 7. 5), the need for a brief review of driving 
habits in the field seems rather obvious to me. Other 
instructors who feel that such discussion is not only unnec-
ess<1ry but silly usually change their minds when the new 
student backs the project truck into a tree and destroys both, 
or drives it into a 2 x 2 m excavation unit and prematurely 
forecloses it, or, worst of all, happily and obliviously drives 
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Figure 7.5: Common hazards. Two views of vehicular disaster at LAn-218, the Corbin Tank Archaeological Site. a, four-wheel drive vehicle after flipping 
over onto its roof. b, two-wheel d1·ive vehicle sunk over its axles in a deep mud hole. Los Angeles 1981 . 
over the accumulated level bags and concomitant artifacts 
collected during the field season. 
The most basic rule to be followed is that practice 
makes perfec t, and unless the field director intends to do all 
the driving, members of the field crew should be provided 
with the chance of solving driving problems and making 
minor repairs through local practice befo re the 10,000 mile 
round trip begins. All crew members who are going to drive 
the vehicle should be trained before the trip and should be 
tried out under the most adverse conditions. Find the worst 
possible road in the vicinity and have the individual students 
or drivers practice on it until their confidence level will let 
them tackle the worst that the project location has to offer. 
A few good mudholes and sandtraps should be located , and 
each project member should be given the opportunity to 
drive through them and get the vehicle unstuck if it gets 
bogged down. The advantages of having your crew learn 
how to do this where a tow truck is only a phone call away 
versus waiting for the real thing should be self-evident. If the 
neophyte finds that he cannot drive out of the hole that he 
has driven into and has to pay a towing bill, the same mistake 
will probably not be repeated some time later on a wind-
swept steppe or a sun-blasted desert. Negotiating steep hills, 
rutted roads, and shallow stream crossings should all be part 
of the archaeology student's training. Prior familiarity with 
the vehicle and with the kinds of terrain to be traversed ·will 
provide the neophyte field driver with enough confidence in 
his ability to master a real problem so that panic should never 
occur. Panic is dangerous because it leads to the conviction 
that disaster is the inevitable outcome of any problem 
situation . In coastal contexts, a heavy vehicle stuck in the soft 
sand at the base of steep cliffs which is going to be under 
water when the tide comes in will be lost if its driver panics. 
The calm driver, on the other hand, will simply get out and 
bleed air from the tires until they have enough traction to 
pull the vehicle out, and then will drive out of danger. The 
difference between the two options, obviously, lies in the fact 
that the successful driver has already practiced the crucial 
ac tivity that can save the vehicle. 
One of the best reviews of off- road driving habits is 
provided by Waar (1 975:13-36), and I recommend this to 
those new to the problems of driving heavy vehicles in 
difficult terrain. In general terms, the two most common 
problems encountered while driving to out-of-the-way ar-
chaeological sites are a lack of traction and excessive grades. 
A lack of traction on an unpaved surface is usually caused by 
the road surface being too soft to bear the weight of the 
vehicle. The universal result, regardless of whether the road 
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Figure 7.6: The problem: truck is high-centered at front on large 
boulder and can get no traction at rear in silty streambed. Revving 
motor in gear digs rear wheels deeper into soft mud. 
surface is composed of sand, dust, mud, snow, or gravel, is 
that the vehicle gets stuck. Once stuck, nothing that can be 
done inside the vehicle will get it unstuck. Road work, 
jacking, or tire-deflation are the only means of solving the 
problem. Soft surfaces can normally be negotiated if the 
vehicle is kept rolling steadily in low gear without any rapid 
changes in acceleration or in braking, as these make the tires 
cut through any hard crust that may exist and trap the wheels 
in the softer material that lies below. 
The best way to avoid getting stuck is to "read" the 
terrain before driving over a problem area. Usually this 
involves nothing more complicated than getting out and 
walking for a few hundred meters to test the ground surface. 
It is much easier to get a leg unstuck which has dipped into 
mud over the kneecap than it is to pull a three-ton vehicle 
mired up to its bumpers. In desert areas, dry lakebeds often 
look firm and hard and seem to provide welcome relief from 
the constant jarring of travel over a rocky "desert pavement." 
Such surfaces, however, are often silty or sandy and will trap 
a heavy vehicle. It is a better idea to select a gravelly or stony 
passage. The same rule applies to fording streams; only a 
sleepwalker will drive into a stream without knowing the 
depth of the water in it, and, more importantly, the consti-
tution of the stream bottom. Six inches of water over a silty 
or muddy bottom is much more dangerous than 2 feet over 
a hard gravel surface, but the distinction cannot usually be 
made without getting out of the vehicle and wading with a 
depth stick before driving across. If the stream cannot be 
forded at the first location, there are two options: either drive 
the vehicle to a different location where fording is possible 
or modify the water level or streambed. The latter can often 
be accomplished by building a small dam to lower the water 
level at the ford (fig. 7.6), by laying an underwater path of 
stones to be driven over, or by anchoring planks underwater 
The solution: water level is lowered by building a small check dam 
upstream, traction is increased by dumping buckets of gravel around 
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the rear wheels, and inertia is overcome by means of an ox team which, 
by pulling as motor is revved, can inch the front bumper over the 
obstacle impeding forward progress. North of Comayagua Valley, 
Honduras, 1983. 
so that the vehicle does not become mired. In some cases, 
bridges will have to be built. It should be obvious that it is 
much less work to back up and find another ford location, 
even if a delay of a day or two is involved. 
At the other end of the spectrum, in extremely dry, 
brushy areas one should always find a clearing in which to 
park before stopping. A dry creosote bush or tall grass 
jammed against the header pipe or exhaust manifold can 
easily come alight and torch the gas line, and the entire 
vehicle can be lost. Other common road problems are snags 
or rocks in the road which can puncture tires or damage 
running gear (and even occasionally flip the vehicle over), 
and steep hills. Stalling a heavy vehicle halfway up a very 
steep hill is an unpleasant experience, especially when the 
trail is covered with loose sand or gravel and assorted large 
rock and tree-stumps. In such situations, attempting to turn 
the vehicle around so that it can be "nosed down" the hill 
sometimes results in flipping it over on its side; conse-
quently, it must be backed down under constant braking in 
its own tire ruts. This is difficult to do without assistance. The 
easiest method is to have all the passengers get out and help 
guide the driver back a bit at a time. 
Some hills that seem insurmountable can actually be 
climbed by putting the vehicle in reverse gear; this will work 
if reverse gear is lower than the lowest forward gear, or if the 
carburetor float valve cuts off earlier with the vehicle facing 
uphill rather than facing down. Few hills that look like they 
can be negotiated are actually too steep to drive up; what 
defeats the vehicle is the.combination of extreme slope and 
lack of traction. Once gravity begins to work against the 
forward power of the engine and any momentum that was 
built during the approach is lost, a stall or a slide often 
results. Here, as with the unfordable stream, the only option 
is to back up and try another way around. 
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Table 7.5. Metric to English conversion. 
Kilometers Miles Liters Gallons 
1 0.621 1 0.264 
2 1.242 2 0.528 
3 1.864 3 0.792 
4 2.485 4 1.056 
5 3.107 5 1.320 
10 6.214 10 2.640 
15 9.321 15 3.960 
20 12.248 20 5.280 
25 15.535 25 6.600 
30 18.642 30 7.920 
40 24.856 40 10.560 
50 31.070 50 13.200 
60 37.284 60 15.840 
70 43.498 70 18.480 
80 49.712 80 21.120 
90 55.926 90 23.760 
100 62.140 100 26.400 
An important part of driver training that is often ne-
glected deals with automotive terminology. This becomes 
crucial when the archaeologist is piloting a vehicle in a 
foreign country for the first time. Besides being able to 
convert English distance and volumetric measurements to 
the metric system so as to avoid being overcharged for fuel 
or ticketed for speeding (see table 7.5 for conversions), the 
driver should be familiar with the nomenclature for parts 
and tools in the language of the country he is driving 
through. Fortunately, most non-Western languages use loan 
words from English, French, or Germanfor most automotive 
parts, but if the driver is not conversant with, for example, 
Spanish, yet desires to drive to the Darien, some additional 
preparation should be made. Mechanical dictionaries do 
exist in most European languages (see Saiz 1968); failing 
this, the archaeologist can compile his own checklist of 
commonly used terms. 
MAINTENANCE 
Any vehicle, if not maintained, can rapidly be converted to 
an expensive pile of junk. Maintenance is a bother, but 
nothing is as important in protecting the financial invest-
ment made in a field vehicle as changing its oil regularly and 
checking the air, water, and brake fluid levels. Two basic 
items of maintenance equipment are literary rather than 
mechanical: the vehicle's bench or owner's manual and the 
driver's maintenance record (fig. 7.7). Most newer vehicles 
(1963-1994) have very detailed manuals available, either 
from the manufacturer or from an "aftermarket" publisher. 
Two such manuals covering a good span of model years 
would be Chilton's (1980) Repair and Tune-Up Guide: Ford 
Pichups, 1965-1980, and Clymer's (1980) Chevy & GMC 
Pichups, 1967-1980: Shop Manual. For older vehicles, ency-
clopedia-type reference volumes covering many different 
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DAILY VEHICLE LOG 
Project: Date: 
Starting point: 
Beginning mileage: (recorded by): 
Driver: (from -- AM/PM to -- AM/PM) 
Driver: (from __ AM/n;to __ AM/PM) 
Driver: (from -- AM/PM to -- AMiPM) 
Driver: (from -- AM/PM to -- Af.1/PM) 
Fuel: __ (liters_/ gallons_)@ __ total cost, paid by __ (receipt) 
Fuel: __ . (liters_/gallons_) @ __ total cost, paid by __ (recelpt) 
Fuel: __ (liters_/ gallons_) @ __ total cost, paid by __ (receipt) 
Fuel: __ (liters_/ gallons_)@ __ total cost, paid by __ (receipt) 
Oil: __ (liters_/gallons_) @ __ total cost, paid by __ (receipt) 
Other parts or supplies (include cost and receipt#): 
Maintenance: Oil level __ checked by: @ ___ (AM/PM) 
Water level __ checked by: @ __ (AC1/PM) 
Tires __ checked by: @ __ (AM/PM) 
Lights, horn, mirrors, wipers, gauges, etc. 
Potential problems noted for correction: 
Ending point: 
Ending mileage: (recorded by): 
Total day's mileage: __ Total day's expense: __ Total road hours:_ 
Figure 7,7: Maintenance record in the form of a "daily vehicle Jog." 
Copies of this form should be kept in a binder and filled out in any field 
situation where there is more than one driver per vehicle, or on long 
trips. Besides keeping track of upkeep activities, the form organizes the 
record of financial outlay, which simplifies accounting after the project's 
conclusion. 
makes may be the only listing available with tune-up data, 
wiring diagrams, etc. Such manuals provide the 
manufacturer's specifications for the vehicle in question, and 
usually have very useful keys to troubleshooting or diagnos-
tic ·information that can be used to detect problems before 
they become major. These manuals should be used in 
conjunction with a maintenance record for the vehicle that 
keeps track of when and what kind of service was supplied. 
In any situation in which more than one individual will be 
driving the vehicle, such a service record is essential. It also 
has the happy facility of keeping track of who paid for gas, 
oil, etc., on what day with what funds and greatly simplifies 
accounting for grants or for reimbursements. Needless to 
say, both the maintenance record sheets and the shop 
manual should be kept in the vehicle at all times. 
If at all possible, only one person should be responsible 
for maintaining the field vehicle; this eliminates the possi-
bilities for confusion which occur when a series of different 
drivers all presume that someone else has been putting the 
necessary oil in the engine. Service should be at regular 
intervals as specified in the owner's manual, but if the vehicle 
is more than ten years old, service should be done at least 
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one-third more frequently than suggested. On very pro-
longed trips or those over very rough country, problems that 
would be minor under casual use can develop into fatal 
ailments very rapidly, so it is a very good idea to check the 
vehicle every 24 hours or 500 miles, whichever comes first. 
The oil filter should be changed at least annually; where 
excessive running in low gear or operation with inferior oils 
in unavoidable, it should be changed every 2,000 to 4,000 
miles. Aftermarket options for converting a single oil filter to 
a dual system do not excuse the vehicle from this schedule 
of changing filters. Oil changes every few thousand miles will 
prolong an older engine's life almost indefinitely, and special 
additives can help as well. STP and various Bardahl products 
actually increase the lubrication properties of oil, but it 
should be remembered that oil has a very specific function 
(to lubricate), and it should be recognized that some addi-
tives (such as detergents) actually impair this function. If the 
oil has not been changed for some time, or if the engine is old, 
or if a poor-quality oil has been used, the oil change should 
be preceded by flushing the motor out with a clearing agent. 
The engine should not be run longer than a few minutes with 
the "motor flush" in it, for this can severely damage it. 
Flushing breaks down sludge and varnish and clears clogged 
oil passages; this produces a cleaner engine in which to 
introduce the new oil . Cranking the engine with the coil lead 
disconnected and the oil plug and oil filter removed will 
completely drain dirty oil from the system and make the oil 
change more complete. 
Two basically different types of oil are on the market: 
nondetergent single-viscosity oil and multiviscosity deter-
gent oil. In areas with great seasonal extremes of temperature 
multiviscosity oil is supposed to thin out at cold tempera-
tures to aid starting and to thicken up at hot temperatures to 
properly lubricate engines. The detergent that is added is 
supposed to aid in keeping oil journals and lines free of 
sludge and to break down varnish. Single-weight oils, on the 
other hand, do not change consistency greatly as a result of 
weather, but can become thicker or thinner depending on 
the operating temperature of the engine. The standard single 
weight for the temperate zones is SAE 30; constant running 
at very hot temperatures (or for use in worn engines) would 
require 40 weight oil, while running in very cold climates 
would require SAE 20 weight oil. 
Field vehicles running under strain should not use 
multiviscosity oils. Because these oils contain detergent, 
they actually have less pure oil per quart than single-weight 
nondetergent oils do, and they wear out faster and lubricate 
less. Detergents are only needed if the vehicle's owner never 
changes the oil or does not use motor flush periodically. If 
the vehicle· is left sitting for a period of months or years, the 
acids that can form from detergent multiviscosity can eat 
through the soft metal of bearings and prematurely shorten 
the life of the engine. Enough cans of oil for at least one 
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change should always be carried in the vehicle; this is not so 
much for use during the oil change as for when the oil pan 
is accidently punctured and you need something to refill it 
with after it has been repaired. 
In some countries, gasoline is of such poor quality that, 
unless special precautions are taken, continued runningvvill 
severely limit the efficiency of the vehicle. This is especially 
true in places where underground storage tanks are not 
cleaned regularly and much sediment, rust, scale, and grit 
accidently become mixed with the gasoline or diesel fuel. In 
some areas, profiteers "water" the gasoline, with frustrating 
results to the unsuspecting archaeological driver. In-line 
gasoline filters can eliminate much of the danger to the 
carburetor and engine caused by impurities in the fuel, and 
several spares should be kept for regular replacement. Some 
filters are made with a removable element that can be cleaned 
out and reused; the best of either type will have clear glass or 
plastic casings so that you can determine visually whether 
the fuel is reaching your carburetor if your engine stalls. Fuel 
filters should be mounted just before the carburetor or the 
fuel pump (or in both places); sand or grit passing through 
the fuel pump can ruin it, so a dual-filter system may be more 
economical than keeping a spare fuel pump on hand. 
Some vehicles feature cooling systems that are "closed" 
or sealed and are therefore not ever supposed to require 
maintenance. This is a myth, and vehicles operating under 
hard usage or in desert areas should have their radiators 
inspected frequently and water or coolant added as neces-
sary. Water should only be added to a hot engine while it is 
idling; this ensures that the thermostat is open, that water is 
circulating through the system, and that the level seen in the 
radiator is the actual level throughout the entire cooling 
system. The cooling system should be flushed at least once 
a year, and, for normal operation, no less than one-half the 
total fluid volume should be a commercial coolant. Radiators 
that spring leaks can often be repaired simply by pouring a 
commercial brand of "stop-leak" compound into them, but it 
should be remembered that this is only a temporary measure 
that can have deleterious effects on other components of the 
cooling system. It is always best to mechanically repair any leak 
in the cooling system rather than trusting to a chemical "patch" 
that can dissolve at the worst possible moment or detach 
itself and circulate through the system jamming either the 
water pump or the thermostat. At least a gallon of pure water 
should be carried in the vehicle for emergency use. Freeze 
plUgs often become corroded and spring leaks, especially in 
older engines. These can often be temporarily patched by 
cutting a rubber plug from an inner tube the diameter of the 
freeze plug's interior, and then by screwing the patch over 
the plug with a sheet-metal screw; putting stop-leak in the 
system will complete the patch from the inside. Under no 
circumstances should radiator water ever be used for drink-
ing, cooking, etc., even in the direst emergency. 
54 
Air filters are often neglected, and an extremely dirty 
one can cut the engine's "breathing" down remarkably. If the 
vehicle can be started, a dirty filter can cut fuel efficiency 
down to 75 percent of what it should be; this is because the 
carburetor, set to mix approximately 14 parts air to 1 part 
fuel, is having its air supply reduced to 12, 11, or even 10 
parts, and the engine is burning excessively rich. If the air 
filter is of the "throwaway" element type, several spares 
should be on hand. Oil-bath filters are the best option in 
extremely dusty or sandy areas; these have fallen out of favor 
recently because they are so messy, but they are extremely 
reliable. If a new replacement filter cannot be found for the 
cartridge type, the old element can sometimes be reused after 
it has been banged and blown clean with compressed air. 
Other custom filters are made of foam rubber encased in wire 
mesh; these elements can be removed, soaked in kerosene or 
gasoline, cleaned, and reused. 
When a vehicle runs poorly because of a clogged filter, 
it is tempting to run it with the air intake on the carburetor 
unguarded. This should be avoided, for all it takes to ruin an 
engine forever is running it for 10 seconds through a sand 
storm or 10 minutes through heavy blowing dust, and no 
driver can predict when either will occur. An emergency 
filter can be made by punching holes in the old, clogged one 
and then covering the new apertures with mesh or cheese-
cloth. When replacing an element, always bring the old filter 
into the parts store to effect a visual match; do not trust the 
numbers in the catalog or the blandishments of the salesman 
who has never been under the hood of your project's vehicle. 
Periodic checks of the battery should be made, espe-
cially if you are driving under a load or in very hot weather. 
The electrolyte level should be visually inspected every few 
weeks, and distilled (or at least boiled and strained) water 
should be added as needed. An inexpensive, pocket-sized 
hydrometer can predict when a battery is going bad, and is 
a wise investment. Maintenance-free batteries have become 
increasingly popular in recent years, but can cost up to 50 
percent more than the old type. Other electrical system 
maintenance includes rotating fuses in their sockets every 
year or so, to keep them from becoming cemented in place, 
and cleaning dirty or oxidized terminals or connections. 
Archaeological field vehicles tend to have very poor tire 
life spans. This is not usually due to excessive wear as much 
as it is to traumatic injury and punctures. Tire rotation can 
extend the overall life span of a set of four tires under normal 
operating conditions, but is not of much use in off-pavement 
driving because the rear tires will often wear out much 
sooner than the steering tires in front (unless there is a major 
alignment problem). Also, when the front and rear tires are 
different in siz~ or in tread pattern, it is a mistake to rotate 
them. 
Two different kinds of tires are suitable for the field 
vehicle: radials or high-traction nonradials. Radial tires are 
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stiffer, generally have a fairly small tread pattern, and take 
higher inflation pressures than normal bias tires or belt-ply 
tires. Radials have great advantages over conventional tires 
for long-distance travel, because they provide less resistance 
to the ground or pavement and more "roll," which results in 
lowered gas consumption. Because they have less "give" than 
regular tires, however, they are not particularly well-suited 
to off-pavement travel, and in fact tend to bog down more 
frequently than bias-ply tires with knobby treads. Radials do 
tend to have a much longer tread life than bias-ply tires, and 
are not really more expensive than the more radical "high-
traction," off-road, bias-ply offerings. High-traction tires, 
because of their knobby tread pattern, are able to "grip" 
unstable or loose surfaces better than radials, but since less 
rubber is on the ground within any given tread area, they 
tend to wear out rapidly. High-traction tires are wasted if 
used for normal transit on paved surfaces; thus, the ideal 
field vehicle might have two complete sets of four tires which 
can be changed as the need arises. This solution is, of course, 
economically unfeasible for most projects, and the usual 
compromise is to have high-traction tires on the driving 
wheels and radials on the steering wheels. Two mounted 
spares will then be of the type most suitable to the demands 
of the project, and will contribute to the creation of a 
complete set of eitherradials or high-traction tires. It is illegal 
in some areas to mix radials and bias-ply tires on the same 
vehicle for pavement use, but such restrictions do not 
usually apply to off-road travel. 
On long trips or while driving over tortuous terrain, tire 
pressure should be checked daily. Either a sliding pocket 
gauge or a dial gauge should be used, not the standard "big-
toe" method. Depending upon the load, the average speed of 
driving, and whether the tires are bias or .radial ply, tubeless, 
or have tubes, inflation pressures may vary between the front 
and rear pairs. Pressure should be identical, however, within 
each pair. Tire pressure should be taken only after running 
the vehicle so as to allow the tire and the air inside to heat up; 
tire pressure "hot" will always be greater than tire pressure 
"cold" despite the fact that no air has been added. Running 
at high speed for extended periods of time tends to increase 
tire pressures, especially if tubes have been introduced to 
normally "tubeless" tires. A tire that was running at 50 psi on 
day one through the low desert may cool down overnight so 
that it reads only 35 psi on the morning of day two; filling it 
up to 50 psi while cold and then running over a ground 
surface that heats up to 120°F will drive the internal pressure 
up to a point at which a blowout may occur, so periodic 
checks are necessary if much driving is done between 
radically different climatic zones. The effects ofaltitude can 
also possibly influence blowouts; filling tires to the maxi-
mum at sea level in Veracruz, for example, can lead to 
disastrous problems three or four hours later when one 
drives over the pass of Cortez into the Basin of Mexico at 
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around 9000 feet elevation. Any good owner's manual will 
specify inflation pressures appropriate for the vehicle and 
type of tire in use; charts will also show how to recognize 
abnormal wear patterns. 
SPARES AND REPAIRS 
Many archaeologists proclaim mechanical helplessness, but 
a good rule for the field archaeologist to follow is "if you drive 
it or ride in it, you should be able to fix it." Any archaeologist 
who plans to explore or excavate in Central Africa, 
tropical South America, or eastern Alaska must be able to 
anticipate situations in which, for example, the vehicle 
stops with three flat tires, a punctured radiator, blown 
head gasket, dead battery, and too much water in the gas 
tank simultaneously. Mental preparation for such events 
is provided by a number of texts (Sclar 1976). Auto 
mechanics engage in the practical application of the 
scientific method every day by attempting to prove that 
individual components within a system are defective until 
they are known to function correctly, and then doing the 
same with entire systems until all problems have been 
isolated and solutions applied. The archaeologist, because of 
his or her training in systematics and basic interest in 
technology, should have little trouble thinking like a compe-
tent mechanic when a vehicular problem arises. 
The field vehicle must get the archaeologist to the 
project location as well as serve for weeks, months, or years 
as transport for personnel and equipment, as a prime mover 
for towing or pushing other vehicles or objects, and as an 
ambulatory workshop, tool shed, and safety deposit box. In 
light of these demands, the least the archaeologist can do is 
keep the vehicle running. Preventive maintenance and im-
mediate corrections of problems are singularly important. 
It is a truism that, when the vehicle stops dead in its tracks, 
it is a rainy, moonless night and the nearest mechanic is 
several hundred miles away, but the closest thief or vandal 
is just around the corner. Vehicles never seem to break down 
on nice dry, level surfaces, but most frequently in axle-deep 
mud; the day or night is either so cold that metal tools stick 
to your hand, or so hot that the afflicted part of the vehicle 
cannot be touched without burning your fingers. Being able 
to fix a broken truck when everything is going right therefore 
becomes somewhat of a minor achievement for the archae-
ologist; the real acid test is being able to fix it when every-
thing is going wrong. 
The only way to make certain that this goal can be 
accomplished is for the archaeologist to be absolutely self-
sufficient in mechanical knowledge and experience in prob-
lem solving specific to the vehicle in question; in having the 
necessary o,wner's and/or bench manual and specifications 
for correct tuning and repair of the vehicle; in having a tool 
kit adequate for all diagnostic functions and also equal to the 
demands of most repair jobs; and in having a selection of 
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basic spares for those parts most likely to need replacement 
under heavy and protracted use or those that can immobilize 
the vehicle if broken, lost, or stolen. 
The most basic rule in vehicular repair is to stop and 
investigate the minute something seems to be malfunction-
ing. The archaeologist in a foreign country with a vehicle 
registered on his passport cannot afford to ignore the warn-
ing signals from the conveyance, for, in most cases, one 
cannot leave the country without the vehicle. The driver and 
all passengers must learn the audible "vocabulary" of normal 
and abnormal noises so that problems can be identified. 
Alert driving involves all the senses; an unfamiliar smell may 
be the harbinger of wiring about to burst into flames, a new 
vibration could presage one of the front wheels losing its lug 
nuts, and a whining sound may indicate a water pump about 
to freeze up. The point is that even if one cannot immediately 
repair a broken or breaking item, he or she should be able to 
diagnose the problem so that the trouble is not compounded 
through ignorance. If it is too dark, windy, or cold to effect 
repairs, it is best to wait until daybreak or a lull in the storm. 
If you have to leave the vehicle to get a part welded or to visit 
a repair shop, be certain that someone stays with the vehicle 
to protect it from vandals and part-strippers. If this cannot 
be done, hire a local person to keep an eye on it and promise 
him or her a bonus if everything is untouched upon your 
return. 
Figure 7.8 lists the most important tools, spare parts, 
and compounds necessary for corrective surgery on vehicles 
in isolated or foreign contexts. It should be noted that some 
of the major spares (such as the water pump) need not be 
new; in fact, violating the first rule of mechanics ("if it works, 
don't fix it") has some advantages in this situation. Installing 
a new water pump and keeping the old one as a spare results 
in the knowledge that both work, instead of the common 
situation in which the brand new spare is found to be 
incorrect many miles or months after it has been purchased. 
Most repairs in the field take the form of disassembly and 
refabrication rather than direct replacement, so the archae-
ologist should have some familiarity with this process. 
Common sense is required in most regards; for example, 
since most chassis parts exist in bilaterally symmetrical pairs, 
the patterns for a damaged 'Wishbone, spring shackle, etc., 
can usually be obtained from the surviving unit on the other 
side of the vehicle. Any time an unfamiliar unit or system is 
disassembled, diagrams should be drawn of the sequence 
and positional relationship of all parts so that they can be put 
back together in the correct way. When replacing parts at a 
junkyard or store, always try to carry in the broken part so 
that a correct match can be obtained. If modifications are 
necessary, such as tapping new holes or grinding projections 
off, this should be done before the part is brought back to the 
vehicle. If the original part cannot be detached from the 
vehicle, a careful drawing of it should be made (with accurate 
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Diagnostic tools 52. Crowbar 
I. Shop manual 53. Wheel chocks/jack blocks 
2. Timing light 54. Shovel 
3. T achldwell meter· 55. Bucket 
4. Compression tester 56. Rip saw 
5. Tire pr·essure gauge 57 Machete 
6. Hydrometer 58. Axe 
7. Cir:cuit tester- 59. Length of carpet 
8. Feeler· gauges 60. Towing chain 
9. Spark plug gauge 6 1. Towing rope 
Corrective tools Spar·e parts 
10. Combination wrench set 62. All hoses 
II. I 0 or 12 in. Crescent wrench 63. All belts 
12. 6 in. Crescent wrench 64. All gaskets 
13. Torque wr·ench 65. All fuses 
14. Socket wrench set ('/e or 'Ii) 66. All filters (x 2 or mor·e) 
15. Socket extensions 67. 2 sets spark plugs 
16. Socket U-joint 68. 2 sets points, rotor, 
17. Socket wrench step down/up condenser 
18. Br·eaker bar· for socket wr·ench 69. Distributor· cap 
19. Spark plug socket for wrench 70. Plug wires 
20. Impact wrench drive 71. 2 mounted tires 
21. Hex wrench set 72 Inner tubes 
22. Oil filter· wr·ench 73. Water pump 
23 Adjustable pliers 74. Oil pump 
24. Vise-grip plier-s 75. Gas pump 
25. Needle-nose pliers 76. Car-b rebuild kit 
26. Wire/sheet metal cutter· 77. Timing chain 
27. Large (I 2 in.) Phillips screwdriver 78. U-joints 
28. Large ( 12 in.) slot Sffewdriver· 
29. Small to medium slot SCl'ewdriver· Expendable supplies 
30. Small to med. Phillips screwdriver· 79. Oil (enough for a change) 
31. Metal chisel 80. Rear·-end trans. oil 
32. Metal punch 8 1. Wheel bearing grease 
33. Ball-peen hammer· 82. Engine oil flush 
34. Putty knife 83. WD-40 or liquid wr·ench spray 
35. Flat, round, t riangular· files 84. 3-in-I oil 
36. Sandpaper 85. Carburetor· cleaner spray 
37. Easy-out ( extrader) set 86. Q uick-start spray 
38. Metal drills/drill 87. I quart brake fluid 
39. Gear puller· 88. Radiator· flush 
40. Valve spring depresser· 89. Radiator stop-leak 
41. Hacksaw 90. Gasket paper 
42. Siphon tube/brake bleed tube 9 1. Gasket sealer· 
43. Oil filler· spout 92. Heavy duty (ignition) wire 
44. White paint (Liquid Paper) 93. Light duty (accessories) wir·e 
94. Assorted electrical connedor-s 
Emergency cools (clip, spade, bolt-on, etc) 
45. Flashlight 95. Electrician's tape 
46. Flares 96. Tube patch kit 
47. Extinguishers 97. Assorted nuts, bolts, SCl'ews, 
48. Lug (x-bar) wrench washers, cotter pins, etc. 
49. Hydraulic jack 98. Epoxy or super· glue 
50. Sheepher·der·'s jack 99. Dud tape 
5 1. Tire pump I 00. Hand cleaner·/rags 
Figure 7.8: Checklist for· tools, spare parts, and supplies that should be 
carried in the archaeological field vehicle during extended trips or in 
isolated ar·eas . 
measurements) for correct identification at the source of 
supply; a series of Polaroid photographs here will save many 
headaches and needless extra trips. 
Tools are generally either analytical or corrective and 
can be further divided into general or special purpose. A 
valve-spring depressor designed for your particular engine is 
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a special-purpose corrective tool because it performs only 
one corrective function; a tach/clwell meter is a general 
purpose analytical tool because it can perform several differ-
ent analytical tasks. It is easy to overstock the tool kit , but this 
is preferable to taking too little. In rural areas in some 
countries it is conceivable that the archaeologist's well-
stockecl tool kit is the most complete in the town or even in 
the province. Because of this, a sturdy tool box with a lock 
is a must. Some people, especially unscrupulous mechanics 
in rural areas , will stop at nothing to obtain a good set of 
tools, so these should never be left out overnight or even 
exposed much to public view. A special, preferably locking, 
cabinet should be installed in the vehicle canying the tool 
box. This will provide additional security, while making the 
tools accessible in an emergency. 
Bulky or extremely heavy tools should be eschewed. A 
portable welder, for example, may come in handy once or 
twice, but the low potential demand for it coupled with the 
availability of such units for hire legislate against either 
buying or transporting one for the field vehicle. By the same 
token, the archaeological field vehicle should have other 
tools that are neither analytical nor corrective in the sense 
that they can facilitate repair; these are essential for simply 
getting the vehicle unstuck once it bogs clown in deep mud 
or sand or finds its way blocked by a fallen tree or rock slide. 
This tool category would include a shovel, a bucket (for 
either draining mud holes or for cany ing gravel with which 
to fill them in), a length of carpet (to provide traction in sand 
or mud), an axe , a machete, and a saw, at the very least. 
The rule of thumb for selecting spare parts is similar to 
that for tools : spare cylinder heads, for example , are not 
necessa1y, but spare head gaskets certainly are. Spare parts 
should be packed carefully so that they are not damaged 
through unnecessa1y impact, rusting, and so forth ; when the 
old part is removed, it should be kept for customs purposes 
and for possible remanufacture if the new spare just installed 
also goes bad. A list of spares carried in the vehicle should be 
typed up and kept with the bench manual. This greatly 
facilitates customs inspections and lets any person who did 
not actually buy the parts know what is immediately avail-
able at hand. This latter bit of planning avoids the common 
duplication of effort any time more than one driver or 
mechanic is involved in a repair job. A list of all tune-up 
settings and useful information, such as plug type, idle 
speed, and the like , should be typed up and pasted inside the 
door of the glove compartment for ready reference. Point 
and plug gaps , timing BTDC, and so forth should be painted 
in white or fluorescent paint on the inside of the hood or on 
the firewall as well , so that simple co rrections can be made 
without recourse to the manual when one is under the hood 
in the rainy dark 
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MODIFICATIONS 
Very few new or used vehicles are suited fo r archaeological 
use in the field when initially purchased, so the archaeologist 
usually has to correct mechanical or organizational short-
comings himself to make the vehicle fit the specific require-
ments of his proj ect or projects. Modifications usually in-
volve removing superfluous features or systems and adding 
new parts or systems to increase the safety of the vehicle, to 
render it more secure from theft or vandalism, or to increase 
its efficiency Increasing the efficiency of a vehicle usually 
involves making changes in the engine and power train to 
provide for longer life expectancy, greater fuel economy, and 
increased dep endability. Changes in the chassis, suspen-
sion, running gear, and body are made to increase ground 
clearance and make the vehicle more resistant to the field 
conditions of the project site or sites. 
Safety 
Safety conditions should dictate two distinct kinds of modi-
fications: those made to help avoid accidents, and those 
made to increase protection if an accident should occur. In 
this context it is important to think of accidents that can 
immobilize the vehicle, as well as those that might endanger 
the driver and passengers, for the former are much more 
common than the latter. The best way to avoid accidents in 
any vehicle is to be aware of the location and velocity of all 
other vehicles in the vicinity, to make their drivers aware of 
your presence , and to be able to spot hazards early enough 
to avoid them . 
In most trucks and many four-wheel drive vehicles, rear 
vision is extremely limited , and stock mirrors are normally 
inadequate for general use in the field. The field vehicle 
should have both large flat mirrors, as well as spot mirrors on 
outriggers on either side; the flat mirrors should be adjusted 
to reveal the vehicle sides and the road area immediately 
behind, while the spot (or slightly fisheye) mirrors should be 
adjusted to provide for wide lateral vision. Mirrors should be 
easily adj ustable so that different drivers do not have to strain 
in order to use them and should also be detachable so that 
they can be removed and locked inside the vehicle in areas 
or countries where they are compelling targets for thieves . If 
the outriggers (or mirror braces) are prone to vibration, a 
metal strap can either be welded or bolted on to stabilize 
them. Some outriggers come hinged or sp ring loaded so that 
they can be folded back parallel to the vehicle side; this 
feature allows passage in very narrow tracks and eliminates 
the clanger of instant breakage if the mirror strikes a station-
ary object. Off-road driving, especially at night, should not 
be attempted without a proper set of mirrors, for backing up 
and renegotiating dead ends is a constant chore and can be 
dangerous if rear vision is limited . 
Many trucks and four-wheel drive vehicles cannot stop 
as rap idly as passenger cars; thus extra caution and correct 
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lighting are essential for night driving. Off-road travel at 
night in rough areas is especially hazardous if inadequate 
lights are used. Lack of forward vision after dark is respon-
sible fo r most off-road accidents in which the vehicle gets 
stuck, breaks an axle , or overturns on too steep a hill or in too 
deep a ravine. In addition to the standard lights , extra off-
roacl high beams should be installed that focus in advance of 
the regular beams. These will light up obstructions at a great 
distance and allow the driver to avoid them or to choose a 
new route. Additional high-beam lights can be attached to 
the top of the cab or to a roll-bar suspended from a roof rack , 
and should have a separate dashboard control switch. A 
single fixed high beam facing backwards will often prove 
invaluable when backing up at night. A hand-held spotlight 
can be used to inspect the engine at night , to illuminate road 
signs that the headlights cannot reach, or to focus on the road 
when a steep hill forces the driver to look out the side 
window when the hood blocks his view. 
If lights and mirrors are essential equipment for avoid-
ing potholes and road hazards, they are no less crucial in 
warning the driver of the approach of oncoming traffic and 
pedestrians. To cope with this clanger, the driver must also 
have an early warning system in the form ofa very loud horn. 
Most "stock" horns cannot be heard by the driver of another 
vehicle at any great distance, especially if road noise is 
excessive or if his or her radio is playing. As a vehicle (and , 
concomitantly, its horn) get older, the sound generated by 
the horn becomes progressively weaker, and many ten-year-
olcl horns have only a fraction of their original volume. 
Instead of a brand new replacement identical to the original 
equipment, a single- or dual-trumpet compressed air horn 
should be substituted. These are two to three ti.mes as loud 
as standard horns and generally have a longer life expect-
ancy; unfortunately, they can cost up to twice as much as a 
stock replacement horn and will take more time to install. 
Air horns are very useful in countries where pedestrians are 
unused to motor vehicles and tend to endanger themselves 
by walking, sitting, or sleeping in the roads, and are also 
good for signaling while on site survey if exploration parties 
become separated . 
If an accident occurs, certain modifications previously 
made to the vehicle can make the difference between the 
driver and passengers being carried away from the scene or 
walking away under their own power. If the project location 
is in extremely rough or mountainous country, a roll bar is 
good insu rance against injuries resulting from overturning. 
Roll bars can be either bolted or welded to the frame, and 
must be designed for the specific vehicle involved. Unless 
se lection is made with care, the wrong kind of roll bar will 
severely limit storage or passenge r space, or render parts of 
the body or chassis inaccessible for repair. Roll bars should 
be padded so that passengers wi.11 not suffer head injuries 
during a rollover. 
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Heavy bumpers and skid plates, of course, do more to 
protect the vehicle than the driver during a co llision, but 
they should nevertheless be installed on a field vehicle . 
Ramming the front encl of a stock ve hicle into a sharp 
bedrock outcrop can completely destroy the engine, front 
suspension, and radiator; damages are considerably less-
ened if heavy-duty front bumper and engine/transmission/ 
transfer case skid plate(s) have been installed . Skid plates 
should be bolted and not welded to the frame so that they can 
be easily removed and straightened if they become bent ; they 
should also be perforated so that oil or !luids can be drained 
or added as necessa1y without the removal of the entire skid 
plate. Vertical front bumper extensions (or "covvcatchers") 
are useful if much driving is done in high brush or if the 
vehicle is often used to push other vehicles. In the event of 
a collision with large animals such as deer, cattle , or horses, 
these can actually save the vehicle from serious damage. Rear 
bumpers made box-fashion from welded plate stock should 
be large enough to use as a step and should have a towing ball 
attached directly or provision made for a detachable ball. 
Final safety considerations do not involve permanent 
modifications to the vehicle but instead relate to common 
sense equipment in the vehicle. At least two fire extinguish-
ers should be carried , and these should be checked periodi-
cally to see if pressure has been maintained within reason-
able limits. All drivers and passengers should knovv how to 
operate the kind of ext inguisher being carried and should 
actually practice getting it from its storage location and 
simulating its operation. At least one extinguisher should be 
within reach o f the driver inside the cab, bolted to the roof, 
firewall , or !loor, and should not be covered by other 
equipment or delicate items that cannot be removed in a 
hurry. If the archaeologist is using a truck with camper 
shell , or if the passenger or ca rgo compartment is in any way 
isolated from the cab , then a second fi re extinguisher should 
be easily accessible in the passenger area. A third installed 
under the hood in the engine compartment provides cheap 
insurance against gas or electrical fires. Other safety equip-
ment that should be carried includes a complete first-aid 
kit , which should be under the front seat, and visual 
wa rning devices . Visual warning can be effected through 
highway !lares, portable re!lectors, or battery-powered !lash-
ers; the cheapest and most highly recommended option is 
to simply plaster the back, sides, and front of the vehicle 
with re!lecting tape so that it is unmistakably recognizable 
as a stalled vehicle if one is forced to stop at night in an 
inconvenient spot. 
Security 
When expensive or irreplaceab le field equipment is stored 
inside the field vehicle, it must be guarded against hit-and-
run break-ins. In most foreign countries, vehicles crossing 
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the national border are entered on the owner or driver's 
passport , and that person cannot leave without the vehicle, 
regardless of whether he sold it , wrecked it , or it was stolen 
from him; therefore , there is additional incentive to guard 
against larceny. Archaeological fieldwork often dictates that 
the vehicle be parked some distance from the project or the 
field camp location, and thus it cannot be guarded all the 
time. While this often is not much of a problem, in some 
areas, unless precautions have been taken, unattended ve-
hicles might be stripped of all accessible parts, stolen, set on 
fire, or otherwise vandalized in a matter of minutes. Vandal-
ism can often be avoided by removing provocative bumper 
stickers, decals, or signs from the vehicle. In some countries, 
vehicles with foreign plates are sometimes selected for 
vandalization, so a partial solution is to cover the license 
plate with mud, which can be removed at any time for official 
inspection. Vandalism accompanying an attempt to burglar-
ize or steal the vehicle can be avoided if the potential thief can 
be made to believe that it is too much trouble to break into 
the vehicle or that he has no chance of starting it or driving 
away. Antitheft precautions, then, take the form of keeping 
the thief either from stealing the vehicle or from stealing 
articles that are inside the vehicle. 
The clearest signal to a thief that a truck or jeep is not 
worth breaking into is a steering wheel lock, visible through 
the windshield . This lock has two hooks separated by a 
telescoping shaft, and is placed between a spoke in the 
steering wheel and either the clutch or the brake pedal shaft. 
When in place, the vehicle cannot be steered or driven away, 
although it can be towed. Any vehicle's engine can be started 
without the ignition key if the thief can get into the engine 
compartment and connect an electrical lead from the low-
tension lead on the distributor to the battery; to circumvent 
this, a hood lock must be installed. An internal hood release 
mounted under the dash is not proof against hotwiring, for 
the hood can be raised easily after the cab has been broken 
into. The best hood lock available is a length of chain 
attached to a bar that fits into a key-locking slot between the 
hood and frame. 
Other antitheft devices designed to frustrate attempts at 
starting the engine are a gas line lock or a secret ignition or 
battery kill switch hidden somewhere unexpected and kept 
in the "off position" while the vehicle is parked. If the vehicle 
has multiple gas tanks, the tank selector switch should be 
positioned on an empty tank or in its "neutral position"; or, 
if the vehicle has an electric fuel pump, a simple on/off switch 
should be installed in an inconspicuous place. Either will 
ensure that even if the vehicle can be started by the thief, only 
the gasoline in the carburetor !loat bowl will be available and 
the vehicle will run out of gas in a matter of minutes. 
Gasoline tank filler caps should lock, and , if more than one 
tank is used, make certain that all caps work off a single key. 
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All valuables should be kept out of sight in locked 
storage compartments so that the temptation to break into 
the vehicle is minimized . ln many parts of the world , the best 
way to store valuab les is in a steel strongbox welded to the 
floorboards or frame and secured with a hardened steel lock. 
lf valuable or irreplaceable equipment is to be stored in a 
pickup truck with a camper shell, the windows in the shell 
should be cove red with either a strong mesh grill or by steel 
bars or straps on the inside. Sliding windovvs connecting 
cabs and camper shells should have a hinge grill that can be 
swung out of the way for quick exits during emergencies but 
locked in place when the vehicle is parked. Burglar alarms 
are of little utility in the field, and if the strong suspicion 
exists that the field vehicle will be stolen or vandalized, the 
threat can best be met by detailing members of the crew to 
sleep in the vehicle on a rotational basis. lf this practice seems 
warranted , modifications should be made for the comfort of 
this guard and for means of defense from inside the vehicle. 
Convenience and Comfort 
Modifications that increase the comfort of the driver and the 
convenience of the passengers are important, inasmuch as 
these can help keep riders and drivers alert and able to 
respond quickly to dangerous situations. Such modifica-
tions usually are planned to eliminate fatigue or to keep 
unnecessary distractions to a minimum. lf long-distance 
driving is required, rotating relief drivers at regular intervals 
will enable the vehicle to be driven as much as 24 hours per 
clay and will lessen the potential for slow reaction time that 
can occur when any single driver has been behind the wheel 
too long. Many rotational schemes can be tried, but the best 
system, of course, is to have at least one relief driver resting 
or sleeping comfortab ly while another is actually piloting the 
vehicle. The best way to accomplish this is to build a padded 
sleeping platform that will allow the relief driver to rest 
comfortably at full length. A vehicle thus modified can, if 
necessary, also serve as sleeping quarters for one or more 
project members at the field site. These can easily be accom-
modated by pickup trucks with camper shells and by larger 
four-wheel drive vehicles, but are impractical in vehicles 
with shorter wheelbases or open tops. 
Small additions to keep the driver alert are a radio and/ 
or cassette player to eliminate monotony or highway hypno-
sis, an adjustable fan in hot areas , and pedal extensions and 
seat pads if prolonged driving produces discomfort or cramps. 
If glare is a problem, tinting the upper half of the windshield 
can help solve the problem; painting the hood a flat black can 
eliminate much of the reflected brightness. lf the vehicle is 
a pickup truck with camper, a sliding rear cab window is a 
good idea for communication with passengers or for access 
during inclement weather. 
Storage compartments can be built into most vehicles 
and will provide more economical use of available space than 
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cardboard boxes. Tools, spares, and equipment can be 
locked into easily accessible compartments instead of buried 
under the load being hauled at the moment. Welded steel 
roof-racks allow heavy or bulky items to be carried out of the 
storage or passenger area of the vehicle and will create more 
usable space inside while at the same time rendering the 
items carried outside more accessible. Objects placed on 
roof racks should be lashed in place and , if valuable , secured 
wi th locks and chains. Too much weight on a roof rack can 
alter the vehicle's center of gravity, so the driver should 
supervise loading. 
When the field vehicle gets stuck in deep sand or is 
caught in a ditch, a few modifications or extra equipment 
incorporated beforehand can mean hours or clays of differ-
ence in getting the vehicle unstuck. The most expensive 
modification is a built-in winch operating from the vehicle's 
engine or battery. The winch cable usually passes through 
the front or rear bumper and can be attached to a secure rock, 
tree trunk, or land anchor set to pull the vehicle (or another 
vehicle) out of the problem area. Winches cost hundreds of 
dollars to purchase and install; a lever-action "come-along" 
or hand winch will do the same job (albeit much slower) at 
a fraction of the price. A come-along is also very useful on the 
archaeological project site or around the field site, and , not 
being permanently attached to the vehicle, can be trans-
ported to different locations as the need arises. If a come-
along is to be used to pull a stuck vehicle free of mud , sand, 
silt , or off a high-center ridge, it must be attached to an 
accessible part of the vehicle's frame. lf towing balls are 
installed at the front or rear of the vehicle, the problem has 
been solved. If not, towing hooks (preferably with spring-
loaded safety keepers) can be bolted or welded to the side of 
the frame or to the bumpers. 
Efficiency 
The first modification usually required to improve the 
efficiency of an archaeological field vehicle is to increase its 
effective operating range. lf the field project location can 
only be reached by many hours of driving over poor roads or 
if the project is in a country with few filling stations, oversize 
or extra fuel tanks must be installed. The average pickup 
truck or four-wheel drive vehicle has a fuel tank capacity of 
between 17 and 22 gallons. If it is run in compound low or 
four-wheel drive for protracted periods of time, 20 gallons of 
gas may not last for much more than 100 miles of travel. 
Since low gear is usually necessaiy in isolated areas with 
difficult terrain, gas consumption will be markedly greater 
than on good surfaces where higher gears can be used, and 
five extra gallons in a jerrycan will not make much of a 
difference if one runs out of gas 75 miles away from the 
nearest pump. Steel jerrycans are also prone to leakage, theft, 
and vandalism, and a good deal of waste occurs every time 
they are filled or discharged. 
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Increasing the fuel capacity of the field vehicle usually 
takes one of two forms: either a single, large tank is used to 
replace the original tank or a pair of underslung saddle tanks 
are added to the original. Twin saddle tanks can hold up to 
26 additional gallons, while single oversize tanks with 
capacities of over 50 gallons can be installed. Each system 
has certain advantages. The single tank incorporates only 
one filler cap and little gas-line rerouting, while the triple 
tank system necessitates three separate filler caps, installa-
tion of a tank selector switch , and fuel line rerouting. The 
triple tank system, however, allows for the transport of 
nonvehicular fuel (that is, diesel, kerosene, pre-mixed out-
board fu el) in a tank not currently in use and thus eliminates 
the need for filling and moving drums around. It also allows 
for greater economy if a "low-octane" tank is switched to a 
"high octane" tank only when the vehicle is under a heavy 
load or climbing a hill under strain. With the triple-tank 
system, cleaning is simplified if one tank becomes contami-
nated by water or impurities in the fuel. Oversized or extra 
fuel tanks should be made of steel, permanently secured to 
the vehicle's frame, and protected from accidental punc-
tures. Plastic tanks should be avoided, for they are more 
prone to perforation than are metal ones and will melt and 
explode if the vehicle is unavoidably driven over a flaming 
object. Oversize tanks should be protected by skid plates or 
at least by a long bar running parallel to the wheelbase of the 
vehicle, and should not descend below the lowest part of the 
frame or body. 
Moving from the fuel system to the lubrication and 
cooling systems, some modifications can be made that will 
greatly extend vehicle life expectancy and eliminate the need 
for mechanical attention in the field . Certain vehicles (such 
as older Volkswagen buses) have no replaceable oil filters of 
any kind , while others (such as BMC engines installed in 
small utility trucks and cars) have cartridge-type oil filters 
encased inside metal containers that must be disassembled 
prior to changing; neither is acceptable in the field vehicle. 
Any engine not set up for the standard kind of spin-on oil 
filter should be adapted to this system (conversion kits are 
available through j .C. Whitney of Chicago and other parts 
suppliers) because spin-on filters have many inherent ad-
vantages. First, over 90 percent of all spin-on filters on the 
market have the same thread pattern, and almost any filter 
can be used in an emergency until the one specific for the 
vehicle can be obtained. Second, the ease of replacement 
allows for regular changes at set intervals; this is important 
for protecting the engine's oil circulation system and will 
greatly prolong its useful life. 
An engine oil cooler that can be tapped into the oil 
circulation system at the filter is a very good investment if the 
field vehicle is going to be operating constantly in tempera-
tures over 100°F or used for towing equipment or trailers in 
mountainous areas. The cooler itself should be mounted in 
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front of the radiator so that the fan will work directly upon 
it. If the vehicle is to be operating in extremely cold climates, 
with the temperature below freezing much of the time, an oil 
heater or an engine water heater should be considered. These 
keep the water temperature in the block above freezing when 
the vehicle is parked; both , unfortunately, require constant 
electric current and cannot be used in the field without large 
batteries or generators. The oil heater usually takes the form 
of a "hot" dipstick that can be inserted in the normal dipstick 
tube. The water heater is installed in-line with the vehicle's 
regular heater hoses and is plugged into AC house circuit. A 
cracked block or extruded freeze plugs may result if such 
modifications are not made in cold weather areas. 
If the engine overheats in normal use, a heavy-duty fan 
(one with more blades than the original) can often solve the 
problem. Electric fans are to be avoided at all costs, for a 
simple short circuit in the fan system can result in the destruc-
tion of the entire engine through overheating and seizure. 
Cooling problems can often be solved by replacing the existing 
thermostat; in any case, it should be checked periodically. 
One of the most important, yet often neglected , modi-
fications for field vehicles deals with instrumentation. Gauges 
provide an early warning system that monitors the health of 
the engine and allows for the diagnosis of problems as they 
develop . In rough terrain or in countries where spare parts 
and mechanics are scarce, gauges are essential. Any kind of 
engine repair done in the field will be greatly simplified with 
the help of permanently installed diagnostic instrumenta-
tion, and most troubleshooting can be done without expen-
sive or unavailable garage-type meters. The warning or 
"idiot" lights that are standard equipment on most vehicles 
should not be relied on as they alert the driver to the 
existence of a problem after it is too late to do anything about 
it. Moreover, there is no way to determine whether it is the 
system being "reported" on or whether it is the "idiot" light 
itself (or its circuitry) malfunctioning. A light will sometimes 
come on because of an internal short instead of a drop of oil 
pressure or generator failure, and , conversely, a blown bulb 
will not herald the lack of oil pressure that can lead to a 
thrown rod or blowing a piston up through the hood. 
Most vehicles have a fuel gauge and a speedometer as 
standard equipment. The field vehicle should have, in 
addition , an oil pressure gauge, a water temperature gauge, 
an ammeter, and a tachometer. A vacuum gauge tapped into 
the intake manifold is useful but not essential. Two options 
for extra gauge installation exist: many vehicles have blank 
spaces or empty recesses reserved on the dashboard for 
optional gauges; failing this , gauges can be mounted in a 
plate, bracket, or console that is bolted or suspended under 
the dashboard. In the first situation , used gauges can usually 
be purchased in a wrecking yard or ordered from the parts 
supplier; in the latter case, aftermarket gauges can be in-
stalled. Since gauges are worthless if not readily visible, be 
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certain to test their location before permanent installation 
and to purchase models with lights that can be spliced into 
the existing dashboard lights. 
Gasoline or diesel consumption is a major concern off-
road or in foreign countries, especially where fuel is scarce 
or prohibitively expensive. Some inexpensive modifications 
can be made to some vehicles which will greatly improve fuel 
economy. If the vehicle comes standard with a three-speed 
transmission, the substitution of either a used four-speed or 
the addition of an overdrive unit may be possible. The 
additional overdrive gear (which may be up to 0.7:1) will 
ensure that the engine revs lovver than before at any given 
speed in that gear and that up to a 25-percent fuel saving will 
be gained, especially on long-distance hauls. Overdrive 
units , if bought new, are quite expensive, but used transmis-
sions can often be purchased for $100 or so. If the engine is 
equipped with an overlarge carburetor (that is, a four-barrel 
instead of a two-barrel , or one with large jets instead of 
small), a smaller one can be installed which will draw less 
gasoline with no appreciable power loss except in rapid 
acceleration; jackrabbit starts are usually not necessary in the 
field, and the switch to a "gas-saver" carburetor can often 
improve mileage from 2 to 8 mpg. If the vehicle is a VS, dual 
exhaust pipes and mufflers will also improve horsepower at 
no appreciable increase in gas consumption and thus actu-
ally create a saving in fuel, as will the substitution of a manual 
choke for an automatic choke on most carburetors. A 
properly functioning electrical system and correct timing are 
crucial for good fuel economy. All timing specifications, 
such as point and plug gap, plug type , timing in degrees 
before top dead center, and so forth, should be adhered to 
after experimentation provides the best settings. Cleaning 
the crankshaft pulley, painting it a bright color, then paint-
ing the timing marks bright or fluorescent white, will sim-
plify timing chores while stranded in tropical streams over 
the axles or while mired in desert sands during midnight 
sciroccos. Numbering the spark plug wires by painting the 
cylinder numbers on the distributor cap, slipping numbered 
sleeves on the leads themselves , and inspecting the leads for 
faults also simplifies timing chores. Plugs that are too hot or 
too cold for the engine not only ensure poor performance but 
also contribute to miserable fuel economy; some experimen-
tation with different heat ranges may be necessary before the 
correct plug is discovered. 
The most important modifications for obtaining the 
greatest distance of travel per liter or gallon of gasoline lie in 
changes that can be made to the vehicle's power-to-weight 
ratio and in the reduction of certain kinds of engine strain. 
Two vehicles with identical engines but with different laden 
weights can be expected to offer ve1y different miles per 
gallon ratings, as will two vehicles identical in all respects 
expect for the presence of power-robbing "extras" in one of 
them . An 800-pound high-rise camper mounted ona pickup 
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truck can decrease fuel efficiency by around 20 to 30 percent 
over a low-profile lightweight camper shell; and 300 unnec-
essary pounds of safety glass, such as found in "carryall"-type 
vehicles, lead to higher gas consumption than a lightweight 
fiberglass or aluminum skin covering a pickup bed. 
Many maintenance and repair problems that develop in 
field vehicles are rare or unheard of in street vehicles, and 
most of them are due to constant road shocks and vibration. 
Nuts and bolts are constantly working loose and shaking or 
falling off, assemblies abrade against one another and wiring 
develops shorts from being pinched between moving parts; 
I have even had an entire carburetor shake loose and fall off 
an engine in the field because of excessive vibration. So, the 
smoother the ride, the less wear and tear on the vehicle and 
the less corrective surgery that needs to be done. Springs can 
be raised to improve clearance by installing shackles or lift 
blocks, and oversize tires and wheels can then be installed . 
Helpers or dampers can be bolted to leaf springs to stiffen 
them; air bags inside coil springs will also improve spring 
performance. Shock absorbers are crucial in eliminating 
vibration and its concomitant damage to the vehicle, and 
many off-road supply companies offer kits that allow for the 
installation of double shock absorbers or pneumatic (air) 
versions. The heavier the vehicle, generally, the more impor-
tant it is to choose shock absorbers for field use. Worn or 
weak shocks will adversely affect tire life, front-end align-
ment, and fuel consumption, not to mention the discomfort 
they will cause to the passengers. If excessive play develops 
in the steering system or road shocks threaten to break fingers 
caught in the spokes of steering wheels, a steering stabilizer 
(or damper) may be necessary. Normal adjustment can 
usually, however, take up excessive slack or "play" in the 
system and stiffen it. 
Less common and more abstruse modifications may be 
necessary in order to prepare a specific vehicle for a specific 
kind of project. In extremely swampy areas, for example, it 
might be necessary to waterproof the electrical system by 
covering the distributor, generator, spark plugs, and so forth 
with rubber "boots" and to install high-stack exhausts to 
avoid inundating the exhaust system. Or, if the vehicle is to 
be used as an ambulat01y photographic platform, a flat deck 
may be installed above the roof with permanent sockets for 
camera tripods and safety boxes for film. For use on ice or 
snow, it may be desirable to convert the vehicle to a half-track 
with the addition of a second (non powered) set of wheels and 
axle , or to substitute skis for the front wheels; the list could 
obviously go on and on. Modifications are endless in their 
variability of application. 
CONCLUSION 
This chapter was not written with the intent of urging archae-
ologists to stop doing archaeology and become inveterate 
hotrodders or slaves to their machinery. It does suggest, how-
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ever, that one of the most important research investments 
any archaeologist can make is basic transportation. There is 
no reason why a ca refully selected, properly maintained, 
and protected field veh icle cannot be expected to serve 
faithfully for 20 years or more and to provide transportation 
for successive generations of archaeologists. Because ar-
chaeologists are low on the scientific totem pole as regards 
academic funding, they must expend their budgets judi-
ciously and with the expectation that major equipment 
items should outlast the successive coursework invest-
ments of the students who use them. Unfo rtunately, it is 
sometimes a paradox of inexplicable natu re that the archae-
ologist who will not let a D student near a $1,500 alidade 
will nevertheless send the same person off in the $1,500 
project vehicle. If the archaeologist does not know how to 
rescue the vehicle from a breakdown situation , he certainly 
should not expect the student to know either and can only 
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blame himself if things go wrong. 
Earlier generations of archaeologists and ethnologists, 
used to horse and buggy travel, welcomed the motor 
ve hicle; most of these individuals learned as a matter of 
course to do basic mechanical repair and were capable of 
getting out of any hole they got into. Such researchers 
thought nothing of camping "for two or three days in a 
roadside ditch while I reconstructed the car motor, replac-
ing a broken head va lve and piston" (Beals 1982:6), but 
many present-day students and pro fessionals would not 
dream of solving such problems themselves. Those few 
individuals who come to know vehicular problems and 
solutions as well as any mechanic will find such in fo rmation 
easy to obtain- and priceless in the field . They will also find 
that it will contribute in large measure to the logistical 
smoothness of their operation and ultimately to the success 
of their field projects. 
Ch apter 8 
Archaeological Survey Via Mulebacl< 
Thomas J. Banks and Brian D. Dillon 
M ules left lasting impressions (both li terally and figurati ve ly) upon early field archaeologists in the Americas; many expeditions during the 
discipline's formative years were mule powered . Even today 
some researchers depend upon mules as a solution of basic 
transportation and supply problems, but this tradition is not 
as developed in the United States as it is in most Latin 
American countries. Because the mule never became popu-
lar in Great Britain , English-speaking colonists in the Ameri-
cas tended to have an inborn prejudice against the animal 
until at least the Revolutionary War, when George Washing-
ton popularized the breed in the new nation (Howard 1965). 
In contrast, the mule had been appreciated and sought after 
in Latin America (including those territories later to become 
part of the United States) since Columbus' third voyage in 
1498 and quickly became the most important European 
d ra ft animal to replace human bearers. 
The crucial trans-isthmian route across Panama, which 
essentially linked all of Pacific Middle and South America 
with the Spanish motherland , was entirely dependent upon 
mules by as early as 1550, and entire provinces in the New 
World were turned over to mule-breeding ranches to keep 
supply in pace with demand. The mineral and metal pros-
pecting that stimulated so much of the exploration and 
exploitation of the New World was also mule powered , and 
at times entire regions devoted all non-mining activities, 
such as stock raising, towards supplying mining ventures 
with enough animals to keeps loads of ore moving to the 
refiners. The Choluteca area of Pacific coastal Honduras , for 
example, has specialized in breeding mules as its basic 
"export crop" for something over 400 years (Macl eod 1973), 
and animals with such pedigrees are ideal for archaeological 
purposes. 
Mules are the offspring of a male donkey (an ass or 
burro) and a female horse (or mare) . The progeny can be 
either male (a jack) or female (a jenny) but is invariably 
sterile. Consequences of genetic hybridism endow mules 
with superiorities over either parent and make him more 
suitable than his progenitors as either a mount or a draft or 
Figure 8.1: The quadrupedal half of an archaeological field survey, the 
saddle mule, loaded with camping gear, clearing tools, and recording 
equipment. Near Chinaja, Alta Verapaz, Guatemala, 1975. 
pack animal (fig. 8. 1). Compared with horses, mules are 
generally longer lived , more disease resistant, more intelli-
gent, have greater stamina, and pulling or carrying power, 
and require much less maintenance. 
Early archaeological explorers in the New World almost 
to a man were mule borne, as their forays took place befo re 
the spread of steam railvvay lines. It should be remembered 
that these researchers could have gone by fo ot or horse , yet 
chose not to . Travelers quickly found that in many locations 
the only way to get from their starting point to their destina-
tion was by mule, and no other way would do. One of the 
earliest passages in the four-volume series of travel books 
penned by j ohn L. Stephens (1841,1:4 3) relates to his first 
few days in the Guatemalan Republic during the rainy season 
of 1839: "The woods were of impenetrable thickness; and 
there \Vas no view except that of the detestable path before 
us. For five long hours 'Ne were dragged through mudholes, 
squeezed in gullies, knocked against trees , and tumbled over 
roots; evety step required care and great physical exertion; 
and , withal, I fe lt that our inglorious epitaph might be, 
'tossed over the head of a mule, brained by the trunk of a 
mahogany tree, and buried in the mud ofMico Mountain."' 
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One of us can attest that the horrors of mule travel during the 
Guatemalan rainy season had changed not a whit by 1975 
and will likely continue to be as unpleasant for some time to 
come. The alternative to mule travel, in this case, of course, 
is simply staying at home. 
Besides their ability to go where most pedestrians would 
fear to tread, mules have the wonderful quality of being able 
to subsist on very poor feed or go without for long stretches 
of time. Christian Barthelmess, a German-born U.S. Army 
musician turned part-time ethnographic photographer on 
the Great Plains and in the Southwest, commented after a 
450-mile mule ride to the Grand Canyon in 1887, "Most of 
my readers no doubt are acquainted with the common, 
everyday mule, Mulus comnrnnis, as he is found roaming 
throughout the Western states, and know how, in case of 
total absence of his regular diet, he can subsist on fence posts, 
barbed wire, old tin cans, newspapers, and theater tickets" 
(Frink and Barthelmess 1965:64-65). 
Besides being able to work day after day with a pittance 
of feed that would prove deadly to a horse, mules can 
withstand high levels of abuse and occasionally work under 
very adverse conditions (qualities the field archaeologist 
sometimes feels are his own exclusive preserve). The mule's 
ability to endure hard work and privation made him a logical 
choice as a Christian examplar of good conduct in the 
popular Lessons from the Animal World a century-and-a-half 
ago: "At Paraguay, Uack] asses are treated with great cruelty. 
No food nor shelter is found for them, and young persons are 
allowed to maim and ill-treat them as a matter of amusement. 
A favorite trick of these barbarians is to cut and split open the 
ears of the poor animals, so that it is very rare to meet with 
an ass having both ears perfect" (Tomlinson and Tomlinson 
1845 [ 1859]: 197). Paraguay was not unique among nations 
for this kind of abuse, and many a mule has found itself more 
easily handled by an archaeologist than ever before or after 
in its life. 
A mule can get by with less and go farther than a horse, 
and an additional advantage is its innate sense of caution, 
patience, and muscular control. A horse, if panicked, will 
easily damage itself (and coincidentally, its rider as well), but 
mules almost never stampede over cliffs or eviscerate them-
selves on tree trunks. The commonly applied adjective 
"surefooted" would seem to best characterize mules in this 
light, but perhaps more apropos would be "cold and calcu-
lating." While mules may be surefooted, they are also intel-
ligent enough to know when sacrificing their rider or cargo 
will provide them an advantage of comfort or safety, and they 
usually do not hesitate to do either. Robert Wauchope 
(1974:7-9) provides a wonderful account of his introduc-
tion to both Maya archaeology with the Carnegie Institute 
over 50 years ago and to the American tropical rain forest: 
The first day we were in the saddle ten hours, not 
one minute of which could be called relaxed riding. 
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. . . All day long we tore through unbushed side 
trails, wallowed in mud up to the mule's bellies, 
were lashed by vines and ripped by thorns. Even 
the mules, in which I had placed an unwarranted 
confidence, lost their footing, stumbled, or fell 
sprawling and kicking in apparent panic. We fre-
quently held our booted legs out of the stirrups, 
high on the mule's neck, in order to leap clear if the 
animal fell or to avoid being crushed against the 
spiny tree trunks along the side of the trail. Time 
and again we had to cut the floundering mules clear 
of vines and lift them bodily from mudholes. 
Things have changed but little in the Maya area, and often 
times crafty or mean Peten mules will still select a spiny 
escoba palm trunk just off the trail to jam its unsuspecting 
rider's leg against or will wait for a sense of somnolence on 
the part of the rider and for the deepest puddle before 
flipping him off head first into the mud. Any mule in its right 
mind will try to rid itself of an unbalanced or overweight 
pack, and favorite tricks are rubbing it against low branches 
or ramming it against rocks at a full run; perhaps the most 
effective routine is to roll over and over until the pack and all 
of its contents are pulverized. The archaeologist inbound 
with a mule-mounted transit or outbound with pottery 
vessels or osteological materials consequently must control 
his mule with as much attention as he would devote to a 
bottle of nitroglycerine, or else disaster is certain to occur. 
The mule can usually be persuaded to cooperate through the 
judicious administration of edible bribes or coerced through 
the application of a switch. 
If the incipient archaeological explorer is convinced that 
mules are a necessity in many places south of the border, in 
the United States few places remain that cannot be reached 
by some form of motorized transport. We are left with the 
question, why use a mule to conduct an archaeological 
survey in the United States? The answer is fairly obvious: 
while you may use a dirt bike, jeep, or other off-road vehicle 
to get to the region to be reconnoitered, you would hardly 
drive transects a few meters apart in search of surface 
scatters, lithic accumulations, and so forth, because more 
attention needs to be devoted to running the vehicle than to 
looking for artifacts. Site survey from muleback, however, 
produces none of these disadvantages, and most people 
would certainly rather ride than walk if the archaeological 
reconnaissance incorporates hundreds or thousands of acres 
of land. 
In many cases the ability to visually locate artifacts 
improves with the archaeologist's mounted state. If the 
investigator has average vision, his horizontal range of 
gr<;?und visibility is greater in the saddle than it is on foot, 
simply because the eye has been elevated several additional 
feet. An archaeologist in the saddle can locate flakes, beads, 
and other small objects reasonably well from this distance 
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Table 8.1 Mule-borne archaeological surveys. 
Date Location Sites located Total acres Acres/day 
1979 (six months only)* 
July** Julian 15 ( + 2 isolates) 
Aug. Thousand Oaks 2 
Sept. Riverside 2 
Sept. Jacumba (reliability test: 15) 
Sept. Santa Ysabel 2 
Oct. Thousand Oaks 13 
Nov. Desert Hot Springs 0 
Nov. Riverside 21 
Dec. Walnut 3 
Dec. Thousand Palms 0 
Dec. Tehachapi 4 (+ 1 isolate) 
Dec. Gustine 5 ( + 2 isolates) 
1980 
Jan. OtayValley 4 
Feb. Riverside 1 
Feb. Santee 0 
Feb. San Diego 1 
Feb. Live Oak Canyon 0 
March Valley Center 1 
April Valley Center 0 
June Poway 0 
June Escondido 0 
July Temecula 0 
Aug. Sun City 1 
Sept. Rancho 3 
Oct. Sun City 6 
Oct. Jacumba 3 
Oct. Oakzanita 3 
Nov. Jacumba 7 
1981 
Feb. Murrieta 6 
Feb. Tehachapi 27 
March San Pascual 3 
April Diamond Bar 2 
May Temecula 
June Lake Elsinore 
*All surveys conducted by T.]. Banks. 
**First survey conducted. 
2,600 260 
1,500 375 
600 300 
90 90 
650 217 
5,400 270 
540 270 
1,485 187 
540 180 
200 200 
1,900 380 
1,840 230 
250 250 
300 300 
100 100 
75 75 
200 200 
50 50 
80 80 
40 40 
40 40 
1,000 500 
600 300 
800 270 
1,800 600 
180 180 
110 110 
585 260 
2,000 300 
5,990 400 
900 300 
360 360 
700 180 
600 200 
(approximately 6 to 8 feet) and can always dismount and 
engage in a closer inspection if presented with an equivocal 
situation. To avoid constant mounting and dismounting, the 
mule-borne archaeologist may find it helpful to keep a pair of 
low-power binoculars with him to scan a likely area 
immediately below. 
One rider with the aid of one mule can survey approxi-
mately 200 acres of brushy hillside per day, riding transect 
intervals of 20 m or so. A leather breast guard can be fastened 
to a mule that is going to plow through very dense brush 
"icebreaker fashion," to protect it from possible injury and 
give it greater confidence. In less difficult terrain, such as flat, 
clear ground, a single rider can easily reconnoiter 400 to 500 
acres per day. Thirty-meter transects can be ridden in open 
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country due to increased visibility from the saddle, enabling 
the surveyor to cover more ground. 
Mishaps can occur during such surveys, usually when 
least expected. One of us was doing a reconnaissance of a 
stretch of desert one day when a piece of jumping cholla 
became imbedded in the mule's underside. Unknowingly, 
the action of the stirrup drove the cholla spines deeper into 
the mount, and the mule's reaction was to take off at a gallop 
which was only terminated by the unfortunate appearance 
of a rabbit burrow. The mule tripped, and threw both itself 
and its rider into the middle of the largest cholla located 
during the entire survey; it took a veterinarian and two 
assistants the remainder of the day to extract the resulting 
spines with tweezers, and the vet's fee obviated any profit 
from the enterprise. 
A selection of nearly 35 survey projects covering ap-
proximately 4 3, 797 acres completed by one of us (Banks) 
on mule back is listed in table 8.1; these data demonstrate 
the cost efficiency of mule surveys. It improves dramatically 
as the acreage involved increases. Some archaeologists, 
however, are skeptical about the success or even suitability 
of muleback surveys; questions range from "Can you really 
see the ground from up there?" to "Won't the mule eat rare 
plants?" In areas overpopulated by free-lance archaeolo-
gists, such as Southern California, some individuals have 
cautioned that the increased efficiency of mule surveys will 
put other fieldworkers on the unemployment line. Most of 
the archaeological resistance to the idea of riding a mule to 
the project location or using mules to locate archaeological 
sites has little to do with theoretical concerns about effi-
ciency or cost effectiveness. The real reason for the mulish 
attitude is a fear of the animals themselves or a lack of 
equestrian experience-either of which fosters insecurity 
feelings once in the saddle. 
Despite the sometimes gruesome accounts of nine-
teenth century mule travel (and those particular to the rain 
forest), archaeologists have nothing to fear from properly 
broken mules. Once the relationship has been established 
and the rider convinces the mule that he can expect 
affection and good treatment, the animal will usually become 
more of a friend and partner. No vehicle, for example, could 
ever be told to walk straight lines all day while its driver 
takes notes, reads maps, takes photographs, and generally 
does everything except use his hands to control the direc-
tiqn of travel; yet, any well-trained mule will go exactly 
where his rider wants him to go. 
Critics of mule back surveys whq cite lack of efficiency 
in comparison with foot surveys should do well to study the 
results of an experiment carried out on September 22, 1979 
(table 8.2) in which one of us was pitted on muleback 
against an on-foot survey crew of four, both charged with 
surveying the same 90-acre parcel. The mule and rider took 
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Table 8.2 Comparison between an on-foot and a mule-
bome archaeological survey of the same 90-acre plot 
near Jacumba , California. 
On foot 
C-143 (roasting pits , Oakes) 
None 
None 
C-415 (roasting pit , Oakes) 
B-1 , 2, 3 
None 
C-416, 418 
C-416 (roasting pit) 
None 
None 
C-414 (roasting pits) 
None 
None 
C-413 (roast ing pit , pottery) 
May-6 (Oake and co ring area) 
C-411 (milling feature, Oakes) 
C-394 (naking area) 
NA-2 (campsite, Oakes) 
D-2 (rockshelter, milling area, Oakes) 
C-1 (rancheria) 
NA-1 (mil ling area, flakes) 
Mule borne 
j-1,14, 15 
j-2 (roasting pit) 
j-3 (co ring area) 
j-4 (no flakes found) 
j-5 (Oakes, no pits) 
j-6 (roasting pit) 
J-8 
J-9 
j -10 
J-11 
j-12 
j-13 (one flake) 
j-14 (one flake) 
J-1 5 
j-16 
J-17 
J-18 
J-1 9 
J-20 
J-21 
J-22 
Note: The on- foot crew numbered fou r persons, and 24 person hours were 
invested in the survey. The mule-borne survey (by Banks) took 4 person hours 
on muleback . Seven sites or archaeological locations missed by the on-foot crew 
were discove red by the mule-back survey in only one-sixth the time. 
four hours to reconnoiter the area , while the on-foot crew 
expended 24 man-hours; the mule and rider not only 
located every site originally found by the on-foot crew but 
also discovered additional archaeological sites that were 
missed by the other crew. Best of all , the rider concluded his 
survey with reserves of energy left , ready to do archaeology, 
while the on-foot crew was exhausted from nonarchaeological 
exercises (such as walking, climbing, and so forth). Other 
archaeological surveys made from horseback in California 
and Nevada are listed in table 8.3. A much more audacious 
project is that of Crosby (1974) , who has traced the route of 
the old King's Road through much of the Baja California 
peninsula by mule , and who has used mules in the localiza-
tion of archaeological sites in this difficult counny (1975). 
PREPARATIONS 
It is highly recommended that the archaeologist intending to 
work with mules in a far-off country or region gain some 
familiarity with the creatures close to home before leaving. 
In many places , mules are not available, but horses are, and 
in general, all rules applying to the care of, riding, and 
training of horses apply equally to mules. Since mules are 
more tolerant of their rider's or packer's shortcomings, it 
makes particularly good sense to learn the business with 
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horses first , for no problems 'Nill seem insurmountable with 
mules once the tricks of horses have been mastered. Any 
riding stable will be more than happy to instruct the novice 
in the rudiments of riding, feeding, and setting up the saddle 
and bridle, but there are few places the archaeological 
practitioner can go to learn hmv to pack and unpack mules , 
and even fewer published sources on the subject. 
If the student can afford it, an extended pack trip into 
the back country wi.11 expose animal-handling novices to the 
problems and solutions of pack mule use , but most archae-
ologists cannot afford either the cost or the investment of 
time necessary to learn basic packing techniques. Relatively 
complete written guides do exist, however, in a number of 
older military publications; the Drill Regctlations for Field 
Companies of th e Signal Corps for 1911, for example, is 
devoted mainly to proper equestrian technique, pack saddle 
loading, and stable management. The archaeologist residing 
on an urban campus with little opportunity to practice mule 
handling before venturing into the field is well advised to 
review the technical literature on the subject, for fewer broken 
bones and lost collections will result. The rudiments of loading 
and unloading, feeding , doctoring, and riding can also , of 
course, be learned first with horses and then later transferred 
to mules . In fact, the archaeologist who finds himself only 
moderately successful in adapting horses to archaeological 
purposes in a simulated context may be pleased to discover that 
he excels with mules in practical field application. 
Riding a mule is not much different from riding a horse; 
mules will, hm.vever , tolerate a higher level of human stupid-
ity or overwork than their more high-strung consanguine-
ous counterparts. Packhorses show very poorly in compari-
son vvith even the smallest packmules, on the other hand , 
Table 8.3 Examples of equestrian surveys. 
Date 
Mar-May 1976 
Nov 1977 
Nov-Dec.1977 
May 1978 
Mar-Apr 1978 
June 1978 
June 1978 
June 1978 
Location 
Lander's Co. , NV: 15.25 sq. mi. , 7 
isolated finds located 
Santa Maria River Bed, 17-mile stretch 
for levee improvement , near Ventura , 
CA, no sites located 
Lander's Co., NV: 73 acres of proposed 
fence line, 3 sites and 3 isolated finds 
located 
Lander's Co. , NV 5 mi. of proposed 
fence line, 6 sites located 
Nye Co., NV: 85 mi. of proposed fence 
line, 11 sites and 12 isolates located 
Nye Co. , NV: 6.2 mi of proposed fence 
line, 1 site and 2 isolates located 
Nye Co., NV: 5 mi. of proposed fence 
line, 1 site located 
Nye Co., NV: 3 mi. of proposed fence 
line, 3 sites located 
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and effi ciency can o ften be improved 100 percent through 
utilizing the latter over the fo rmer. It is very important to set 
up the pack saddle co rrectly and to load it prope rly, so that 
the cargo is secu re and the mule is comfortab le and willing 
to carry his or her load . On large North American ("Missouri" 
type) mules, pack loads of up to 250 pounds can be 
accommodated , but throughout other areas, such as Latin 
America, where mules are comparative ly smaller and are 
often undernourished , such loads result in immediate mu-
tiny and disaster. An overweight rider 'vV ill often, in such 
contexts, find him or herself flyi ng towards the gro und 
because the mule cannot withstand his o r her weight. 
Although not al·ways done in short hauls, the mule 
should be unloaded at the end of each day and his back 
(where the load or saddle was positioned) should be rubbed 
down . This p ractice is recommended not so much to p rovide 
the pack animal with a period of rest and comfort as it is to 
allow inspection of his back so that swelling or sores can be 
medicated . Such affli ctions are painful to the mule and can 
adversely affect his humor and effi ciency. Sores result from 
three different conditions: the cinch or apa reja is too tight , 
the pack saddle is too loose and is moving too much, or a 
portion of the saddle or the load is pressing harder or more 
sharply into the mule's back than the other portions are. 
Salve should always be carried so that the so res can be 
attended to immediately , and , in extreme cases, it may be 
necessaiy to halt travel a day or two so that healing can 
commence. When loading and unloading the mule, special 
care should be taken to ensure that the pad is clean and dry; 
otherv.rise , dirt and sand , bark or twigs clinging to it v\rill 
abrade the mule's back and cause so res. 
RENTING OR BUYING 
Arguments for and against hiring your own arri ero and a few 
mules for a short time should be considered before a decision 
is made. Hiring the mule's owner along with the animals 
relieves the archaeologist of the tedium of daily packing and 
unpacking, and frees more time for actual archaeology. If the 
mule gets sick or dies, it is the owner's p roblem (who is there 
on the scene) and not the archaeologist's; when the animals 
bolt or stray, it is the muleskinner who must chase them, not 
the field researcher. The mule's own er, however, often exerts 
a limiting influence on the progress of the project, fo r an 
ove rly cautious lllTiero may baulk at the route the archaeo lo-
gist has chosen , demand that his mules be driven less hard 
or less long, and even claim that one of his animals is sick 
when , in fact, it is he who is tired of traveling or of working. 
Renting mules is, of course , more economical than buying 
them if a short-term project is planned , and all the gear 
necessary (saddle, bridle, etc.) usually accompanies the 
animal as part o f the rental. The renter does not have to cover 
the expense of providing feed and medicine for the mule 
when it is not in actual use, and suffers no capital loss if it 
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Figure 8.2: Rented saddle mules being read ied for a rock art survey trip 
across the Continental Divide between the Comayagua Valley and 
Goascoran drainage, Honduras , 1983 . 
sickens or dies after the term of rental has expired. 
Archaeologists planning to use mules constantly may 
fi nd it more economical to buy one or two animals, use them 
fo r a season , and then recover part of their investment by 
selling them off at the season 's end. The purchase price will 
almost always be greater than the selling price (which may 
be rid iculously low, especially in foreign countr ies); indeed , 
the archaeologist can never prove to a poten tial purchaser 
that an animal is not at death 's doo r and is good only for the 
glue factory. If the price offered is offensive or ridiculous, the 
archaeologist can always make a present of the mule to a 
trusted foreman or workman and arrange for its use on a loan 
basis the next season. It should also be remembered that 
buying mules is a dead-end investment fo r, since they cannot 
procreate, no additional return can be expected as is the case 
with horses and donkeys. 
W hile in Latin America a pack or saddle mule complete 
with rig may cost only two or three dollars a clay to rent and 
a few hundred dollars to purchase, in North America a good 
riding mule may cost dozens of dollars to hire and well over 
a thousand to buy. A good used saddle in this count1y will 
cost around $200; pack saddles will, o f course, be much 
cheaper or can be constructed by the archaeologist. Saddle 
bags wi.11 run about $30; bit, b ridle, and reins will total 
around $100. Two saddle blankets should cost no more than 
$50, and lead rope and halter, hobbles , and nose bag should 
total out at around $33. Chaps and other riding gear can cost 
up to $100, and the to tal investment can easily run to around 
$2,000 . 
A h orse trailer rents fo r approximately $20 per day but 
can be purchased for around $2,500 secondhand. If the 
archaeologist does not have the land to stable the mule, 
boarding fees average around $100 per month. Shoe ing 
costs around $30 eve1y 6 weeks, and worming averages $20 
annually. Other costs involve the purchase or running 
expense of the vehicle used to pull the horse trailer and 
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unexpected veterinarian's fees. It would seem from the 
preceding discussion that 99 archaeologists out of a 100 
would do better to rent mules than to buy them, but this 
decision is properly left to each individual and to the needs 
of the specific project. 
CONCLUSIONS 
The archaeologist who uses mules obtains a practical advan-
tage over the one who relies on motorized transport in many 
situations, and over on-foot surveyors in open or brushy 
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country almost vvithout exception. A century and a half ago 
nearly all archaeological projects depended to a greater or 
lesse r extent on mule power, yet almost nobody today 
considers the mule essential equipment. Unfortunately, 
mule use in archaeology will probably become even more of 
a novelty, at least in this country. We are confident, on the 
other hand, that in many parts of the world vvhere motor 
vehicles have not yet made inroads as profound as in North 
America, archaeologists and mules will enjoy productive 
associations for many years to come. 
Chapter 9 
Small Boats in Archaeological 
Exploration 
Clement W. Meighan and Brion D. Dillon 
A rchaeologists have written little about small boats as a logistical aid to field research , even though such use has been widespread within the discipline 
fo r more than a century and a half. Boats are not generally 
discussed because of the common and substantially incor-
rect assumption that field archaeologists will naturally select 
the best transportation medium available. While many, if 
not most, field archaeologists feel that they have a reasonable 
facility with land travel, few devote much thought or plan-
ning to water transportation. Indeed, informal quizzing of 
associates over the years has led us to conclude that most 
archaeologists avoid water transport even in situations where 
such could provide the field researcher with a logistical 
advantage and save the project much time and cost. 
It seems that resistance to the idea of using small boats 
in archaeological exploration projects fo r basic transporta-
tion originates with the landsman's position that water is an 
obstacle to travel ; the boatman's basic view, of course, is that 
water is a means of facilitating travel. Archaeologists should 
become more attuned to the particulars of small boat opera-
tion , fo r this will result in increased efficiency in field 
projects. Recently, one of us directed a project in Pacific 
Central America in which a small boat was used daily as the 
chief means of supplying a field camp and excavation several 
kilometers away across open water. This often meant that the 
project leader had to spend up to eight or nine hours a day 
just running the boat, because almost without exception 
other project members were incapable of doing so. It was 
remarkable to see how unfamiliar most were with boats and 
with water safety; even those who were experts on the 
archaeology of the nearby coast line were as unaccustomed 
to operating a boat as they would have been to piloting an 
aircraft. They were constantly committing major and minor 
blunders that could have had serious consequences under 
more adverse sea and weather conditions. 
Early archaeological travele rs and explorers in the New 
World were accustomed to using whatever form of transpor-
tation was available, either fa miliar (horse, mule, railway 
coach) or unfamiliar (pack llamas, dugout canoes, balsas); 
often, these intrepid souls 
were taking something of 
a risk. Many archaeolo-
gists are familiar with]. L. 
Stephens' account of almost 
drowning in Lake Atitlan in a dugout canoe (1841 , 2: 162-
163) and with Ephraim George Squier's account of voyaging 
in search of monumental sculpture on the islands of Lake 
Nicaragua in 1849, which was accomplished by obtaining 
"one of their bongos .. . the largest and most comfortable on 
the lake; and as most of this kind of unique cra ft are only 
gigantic canoes, hollowed from a single trunk of the cebia 
[sic], and quite as well fitted , and just as much disposed , to 
sail upon their sides or bottom up as any other way, it was 
a gratification to know the 'La Carlota' had been built with 
something of a keel" (1852 :43). Since then , many archaeolo-
gists have found small boats provide the best (and often the 
only) way to reach the project site. 
A surprising number of archaeological sites are acces-
sible only by water; a still larger number exist for which 
access by water is fa r more practical than attempting to reach 
them overland. These include riverine locations, sites along 
shorelines backed by dense vegetation, sites in marshy areas 
or in zones surrounded by mangrove swamps, and shoreline 
sites at the base of steep cliffs. Both the discovery and 
excavation of such sites may not be possible using conven-
tional land-based transportation or possible only after great 
expenditures of resources. Omitted from this discussion are 
underwater archaeological sites, be they the result of geo-
logical subsidence or of some historical maritime misadven-
ture, for we assume that every nautical archaeologist has as 
his or her most basic accomplishment a familiarity with 
boats and boating. The terrestrial archaeologist, however, is 
used to solving logistical problems through the use of motor 
vehicles or draft animals and finds the going difficult in the 
absence of roads, mules, or the means of getting fuel to the 
field camp or vehicle. Unfo rtunately, when faced with the 
alternatives of abandoning plans for a project or shifting to 
a boat-based solution to logistical problems, he may not 
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always consider boats a viable option and may not stop to 
consider the practical advantages of boats over "going the 
long way around" and clearing miles of trai l or building miles 
of road. 
A helpful account of the problems the archaeologist has 
to face in difficult field situations is given by Meggers and 
Evans, who certainly could not have selected a more difficult 
location or one in which small boats could play a more 
pivotal role: 
In spite of all the modern mechanical aids to 
mankind , one is reduced to the necessity of utiliz-
ing the primitive, local means of transportation. 
More than once after a slow and difficult dugout 
trip we wished for an outboard motor, but there 
were many other situations in which paddling in a 
dugout was 100 percent more practical. ... To use 
motors it is necessary to haul all the gasoline from 
a main base and establish caches of fuel. To do this 
would involve organization and planning of sup-
plies that would be more time consuming and 
frustrating in the long run than the use of local 
transportation . ... Those who have never travelled 
in the interior of the Amazon, along the smaller 
streams where only a hunter, wood cutter or rubber 
cutter might live, sometimes find it difficult to 
understand the importance of the dugout as a 
means of transportation . Regardless of how 
much planning is done beforehand or how much 
money one has available , there is no way to avoid 
travelling by foot , by horse, by bullock, by dugout, 
and by sailboat , even though occasionally the air-
plane, jeep, truck, outboard motor or launch may 
be thrown in for the sake of variety. In other words, 
the local situation cannot be predicted. One might 
carry an outboard motor and gasoline for weeks and 
then discover that the local conditions of a particular 
stream make use of the motor impossible, and pad-
dling a dugout the only resort (1957:9-10). 
Some archaeologists will spend a clay on the water trying to 
do a project and will experience so many problems or 
become so alarmed that they forswear small boats forever. 
Even more will hire a supposed expert to run the boat and 
will be financially victimized owing to their ignorance about 
vvhat the personnel or cargo capacity of a particular boat is, 
how long it should take to get from point A to point B, and 
so forth . During a recent project that one of us was involved 
in , local boatmen were happy to make five trips across a body 
of water when one or two would have sufficed; they were, of 
course, being paid by the trip and were regularly charging 
the project up to $100 per clay in transportation expenses. 
vVith the arrival of a more knowledgable person, the practice 
was discontinued and the project's own boat with outboard 
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motor was rented for $100 per month. 
The archaeologist using a small boat will either be 
running the boat or directly supervising its operation by a 
student or employee. Casual use of a boat with a hired crew 
requires no specific lmowledge on the part of the archaeolo-
gist, only an inflated wallet. We also forego any discussion of 
large boats (that is , fully decked) and extended voyages out 
of sight of land , for our interest is in how small boats can aid 
terrestrial archaeology. 
Using boats in an archaeological field situation pro-
duces another advantage in any water line area by giving the 
researcher a feel for the place as it appeared to its ancient 
inhabitants. vVhere boats were prehistorically important , 
the archaeologist can gain essential knowledge about earlier 
use of the environment by utilizing water transportation. 
This knowledge, which might otherwise not be available to 
him, can also lead to a better understanding of settlement 
patterns on shore, as well as the opportunities or constraints 
provided by the river, lake, or ocean environment. Having 
some firsthand experience with boating as it was practiced 
by the peoples of the past may provide important insights for 
interpretation; at the very least, it should help the archaeolo-
gist prevent imaginary or impossible scenarios from entering 
into his conclusions about ancient water-related activities. 
Some authors, for example, have reconstructed the aborigi-
nal use of small boats under conditions where such use 
would have been unlikely given the known wind, current, or 
wave conditions. Conversely, others have entirely ignored 
the possibilities of ancient water-based travel or water-based 
economic specialization, because , through their own inex-
perience, they could not visualize such possibilities. 
Ethnographers and ethnohistorians have paid much 
more attention to the use of boats , often using native boats , 
replicating them, or making boat voyages under primitive 
conditions to gain insight into ethnohistorical questions. 
Best known are the long ocean voyages of Heyerdahl and 
others who have repeated the experiences of presumed 
earlier boatmen in what most archaeologists would see as 
very complex and lengthy imitative experiments. Since such 
voyages are essentially nonarchaeological (in that no ar-
chaeological evidence is produced or discovered), we shall 
not consider them in the present discussion of practical 
applications to archaeological research. 
Some studies are available on small native-made boats, 
and ethnographic accounts of such craft are immensely 
valuable when they include information about the effective-
ness and efficiency of particular designs. For example, 
Hudson (1981) discusses the problem of "ocean-going" 
dugouts in Northern California, based in part on his experi-
ence with reconstructing and using one of the seagoing 
canoes formerly made by the Indians of Southern California. 
Such studies , however, are principally of value for clarifying 
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Figure 9. 1: Outboard-powered dugout canoes in use on the Rio Chixoy (or· 
Salinas) at Rubelsanto, Alta Verapaz, Guatemala, in 1975. 
what can and cannot be done with native boats and for 
interpreting past boat-using cultures, but they are not terribly 
useful for the archaeologist contemplating a fully or partly 
water-based field project. 
SMALL BOAT SELECTION 
The type of boat required for the archaeological party of two 
that must pack everything (including their boat) up to a 
mountain lake on muleback to explore an island will be very 
different from the one needed for a crew of ten which 'Nill be 
crossing rough water at least twice a day. The first situation 
calls for either a folding kayak (such as the 16-foot Klepper) 
or an inflatable rubber raft that can be lashed to a pack 
saddle. For the second, only a vee-hulled outboard or 
partially decked sailer with a keel would be up to the task. 
In most cases, fully equipped "pleasure boats," regardless of 
their size , are either too heavy, draw too much water, 
consume too much fuel , or have too little cargo capacity to 
be of much use to the archaeologist and should be eschewed. 
The field researcher should select a "work boat" (fig. 9 .1) of 
a kind used for commercial (that is, "practical") purposes , 
one with a long history of success in withstanding daily use 
and abuse without turning into a submersible. 
Perhaps the most universal of all small boats is the 
inflatable. The British-made Avon has come to be thought of 
as representative of the type (much as "Kodak" is often used 
synonymously for cameras), although many other makes 
(such as Zodiac) are equally famous. Inflatables have many 
advantages over conventional rigid-hulled boats. They are 
compact and weigh so little that they can be transported very 
easily while out of the water, an important consideration if 
air freight must be utilized. Inflatables come in a wide variety 
of shapes, sizes, and designs for specific kinds of motive 
power and functions, but all are relatively inexpensive. Cost 
is dependent upon size and method of construction; light-
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Figure 9.2: Fourteen-foot aluminum-modified, vee-hull lake and river 
boat used to transport auger crew and equipment for boundary testing, 
Lake Kaweah, Tulare County, California, 1983. 
weight toy or "swimming pool" rubber rafts, while cheapest 
of all, should not be considered for serious archaeological 
work. The disadvantages of inflatables are that they can be 
easily punctured or torn and thus are not as safe around 
rocky shorelines as rigid-hulled boats; also, in no other kind 
of craft can a dropped cigarette burn through the hull and 
sink the boat. Because inflatables are flat bottomed, they 
have only limited stability in heavy wind or high waves and 
thus tend to swamp very easily. They are easy to overpower 
with outboard motors and very difficult to navigate or even 
to keep on a straight course under muscle power. On the 
other hand , inflatables are easier to repair than almost any 
other kind of boat, for only a needle and thread and a tube-
patch kit are needed. 
In addition to inflatables, a great variety of small rigid-
hulled boats are available from commercial outlets, such as 
larger boatyards, department stores, sporting goods empo-
riums , and the want-ads of coastal newspapers. These are 
constructed of wood, metal (fig. 9.2), fiberglass, or a combi-
nation of such materials (fig. 9 .3), and are very efficient when 
used appropriately under the conditions for which they were 
designed. 1vlost rigid-hulled boats share at least one feature 
with inflatables: built-in positive flotation chambers. These 
are sealed air compartments (or are filled with cork or 
styrofoam) that can keep the boat afloat even if it fills vvith 
water. Some rigid-hulled boats may not come equipped with 
such flotation chambers, and in such cases it is a good idea 
for the archaeologist to make provisions for alternatives; 
Butler (1982) offers many useful suggestions along such 
lines. Rigid boats usually last longer and are more easily 
powered than inflatables but are both more difficult to 
transport and costly to ship from one place to another unless 
they are small "car-top" models. Because trailering a boat to 
an archaeological field location hundreds or thousands of 
miles from the home institution is a painful and risky 
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Figure 9.3: Twenty-foo t-long wood and fiberg lass ocean-going Pongo on the Bay of Culebra, Guanacaste, Costa Rica. Used during the Nacascolo 
project, 1980- 198 1. 
business, especially if border crossings must be made, quite 
often the project boat must be acquired locally. 
Most archaeological projects invo lving small boats are 
ventures of only a few weeks or months , and in such contexts 
rental makes much more sense than buying a craft outright. 
Long-term projects, or those that will be held for a series of 
successive seasons, may necessitate that a boat be purchased. 
The best option in either circumstance is to co-opt a backer's 
large yacht or houseboat, complete with living facilities and 
an attendant lleet of small boats to use for project require-
ments (fig. 9 .4). This may seem an unrealistic or even a 
facetious suggestion until it is noted that underwater archae-
ologists have been doing exactly this since the adoption of 
the aqua lung in the 1940s. Most project budgets, of course, 
would not permit the purchase or even the rental of such 
Figure 9.4: Forty-eight-foot, two-masted ketch used as quarters and 
transportation (right} and 6-foot fiberg lass di nghy (left) used for sh ip-to-
shore communication in ethnoarchaeologica l research project among 
C una Indians. Panama-Colombia border, 1983. 
equipment , but it is frequently possible to link up with a 
yachtsman and gain his support, collaboration, and partici-
pation . A yachtsman may be interested in adding some 
excitement and purpose to his cruising experience (as well 
a ob taining a tax deduction for supporting archaeological 
research). The archaeologist, on the other hand, is primarily 
interested in the boat's living accommodations and in its 
service dinghy which will be used in visits to the shore and 
in shoreline explorations. A project backer with his ovvn boat 
is really the best solution to the problem of acquiring such a 
boat , for at one stroke both the necessary equipment and a 
skilled operator have been provided. 
Failing this, the archaeologist must locate his own boat. 
The first step is to learn as much as possible about the boats 
being used in the area of study. Boatmen in eve1y region have 
Figure 9.5: Cuna Indians rig sail o n dugout canoe preparatory to island-
mainland commute. Used in Cu na ethnoarchaeo logy project, Playo n 
C hico, Darien, Panama, 1983. 
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Figure 9.6: Small boat construction, Tilapa , south coast, Guatemala, 1976. 
A dugout canoe (cayuco) of approximately 8 m length, 1.5 m beam. Note 
the solid transverse brace placed lett slightly forward of stern. Cayuco has 
vee-hulled prow and stern, flat-bottomed central section. A single hardwood 
trunk is shaped on the exterior after de-barking and blocking, then 
hollowed out through controlled burning and adzing. Total construction 
time takes 3 to 5 months for one expert, using steel too ls. Such cayucos 
draw between 5 and 20 cm and are powered by poles, paddles, and offset 
outboar·ds. They are used for estuarine and offshore travel and can carry 
several tons. 
pretty well worked out over the years the kind of small boat 
that functions best in the wind, water, tidal or current 
conditions found in their areas (fig. 9.5), and this has usually 
been achieved through constant trial and error, experimen-
tation and correction. Often the safest, cheapest, and easiest 
solution is to use what the local people use, and either rent, 
buy, or have a local craft built. Nicholas Flemming, for 
example, did underwater archaeology in Greece using as his 
dive boat a local fisherman's skiff. Arctic archaeologists 
routinely use Eskimo kayaks and umiaks, and both authors 
have done survey work in Latin America using dugout 
canoes. Dugouts (figs . 9.1 , 9.6) are often commodious, draw 
very little water, and can get into locations where even a 
standard rowboat cannot easily go . 
The decision between importing a boat or securing one 
at the project location is often made for the archaeologist by 
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others , because customs registration paperwork is too oner-
ous or import duties are restrictive . In most areas, few small 
boats are technically up for sale at any given time, and the 
archaeologist may have a difficult time locating a boat that 
suits project location needs. Usually, boats in out-of-the-
way places are not constructed on speculation but are made 
only after an order has been tendered . If the project is located 
in a country with a boat building tradition, it may be a good 
idea for the archaeologist to select a complete set of plans at 
home and deliver them to the boat-builder of his choice at 
the final destination. Most public libraries have reference 
works on boat building, and many good plans exist for boats 
suitable for archaeological purposes (see Rouse and Rouse 
1965 ; Schock 1952). New plans and new information on the 
subject constantly appear in many boat-oriented periodicals 
such as Yachting, Th e Rudder, Motor Boating and Sailing, Sea, 
Cniising World , and Small Boat ]m1mal. 
Few simple plywood boats in the 8- to 16-foot size range 
will take much more than a week to construct, and much less 
time is needed if the seams are only roughly joined and then 
made watertight by fiberglassing. Materials may be a prob-
lem, however, for in many countries marine or even exterior 
plywood is impossible to find , as are bronze nails and most 
other fittings. The archaeologist thus may have to be content 
with a local craftsman building or renovating some kind of 
boat that was not his optimum choice (see fig. 9 .1). In some 
cases, such as with dugout canoes, it becomes necessary to 
order the construction of the boat several months or even a 
season in advance and to initiate work with a down payment. 
But anyone , even an archaeologist, can knock together 
a plywood river or lake boat in a matter of a few days 
provided the materials are available and the user is not 
bothered by the low speed and lack of maneuverability that 
will result from the finished product. For shallow-water 
application, a rectangular floor plan with a 4-foot beam and 11-
foot overall length (8 feet flat and 3 feet up-angled) and 18- to 
24-inch-high sides outflared at approximately 20°will result 
in a work boat that can be powered by an outboard in the 6 
to 15 hp range. The floor should be of 1/i-inch marine or 
exterior plywood (or of 1/4-inch plywood if liberally rein-
forced with longitudinal struts), while the sides can be 1/4 
inch with reinforcing chines, gunwales , and seats. Seams 
should be sealed with fiberglass cloth and resin, and the 
transoms should be of 1-inch plywood or of planking; a mild 
keel and rear skeg will add stability and some protection for 
the propeller. The most difficult aspect of such a construc-
tion will be installation of the motor and transferring its 
power to the propeller. Fortunately, a book on precisely this 
subject is available (Witt 1964) which shows various ex-
amples and plans for different motor sizes and hull forms. 
The main criteria for selecting small boats for archaeo-
logical purposes are: (1) how the boat will be used (that is , 
in what kind of water: lacustrine , riverine , etc.); (2) what 
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Figure 9.7: Conventionalized partial cutaway drawing of a 12-foot outboard utility boat. The stippled areas under the seats are flotation chambers and the 
anchor is wedged over the starboard bow gunwale for quick use in deep water, while the outboard motor is shown with a short shaft more suitable for 
shallow water. The fuel tank and extra jerrycans are stowed ahead of the central seat, oars are lashed to the inner gunwales at the stern, and all cargo is 
placed atop the seats or on duckboards over the floor. Such a boat will carry up to 5 persons comfortably. 
Figure 9.8: Common hull forms . Shown left to right are flat-bottomed, vee-hulled, "cathedral-hulled," round-bottomed, and outrigger hulls. 
functions it will be called on to perform (how large a payload 
or how many passengers it will be required to carry); (3) how 
it will be powered (pole, paddle, oar, sail , or motor); and ( 4) 
how portable it must be out of the water(fig. 9. 7). Economic 
considerations are, of course built into any choice: motor-
powered boats, for example, will be the least economical to 
run in terms of operating expense but will be most economi-
cal in terms of time, while sa ilboats will be the opposite. 
If the archaeologist is working close to home in an area 
easily driven to, it may be possible to obtain a trailerable or 
even a car-top sailer or power boat, but even here it is 
advisable to use the kind of boat that the locals use , so that 
you do not end up with an inconvenient or even an unsafe 
boat. Some obvious examples of inappropriate boats can be 
mentioned . A hull shape (fig 9.8) that is efficient in quiet or 
shallow water (such as a flat bottom which is ideal for inland 
rivers) may be very unsafe in the ocean, for it will plow into 
oncoming waves instead of riding over or through them and 
may, in fact, fill with water and swamp after a few minutes . 
Similarly, a boat with ideal characteristics for deepwater 
sailing, such as a vee hull with the centerboard or keel and 
most of its we ight on the bottom, 3 to 6 feet under the 
waterline, is hampered and often useless in places where 
there are extensive areas of shallow water. Off Belize, for 
example, centerboard boats are the rule, but even these can 
touch bottom in some places a mile or two from shore. If the 
local boatmen have found out long ago what the best and 
most efficient boat is for their own characteristic water 
conditions, then the archaeological newcomer should cash 
in on that knowledge rather than conduct his or her own trial 
and error experiments by importing a boat designed for 
some other set of conditions. 
MOTIVE POWER 
To make the boat move , one has three options: muscle power 
(oars , paddles, or poles), motor power (either inboard or 
outboard), or wind power (sails) . Each has certain advan-
tages and disadvantages, and these will also change from 
region to region and from boat to boat. Many small boats 
have sails, an outboard or inboard motor, and oars and 
paddles, and therefore are equipped to cope with differing 
conditions as the need arises. The greater the flexibility of the 
boat, the more useful it will be for archaeological purposes, 
and a combination of motive power capabilities is always a 
good idea. Any outboard-powered boat without oars or at 
least a paddle can only be classified as unsafe. 
Unless the archaeologist is a true outdoorsman in great 
physical shape, he will not want to row or paddle a boat , 
kayak, or canoe for many miles. The work is tiring, forward 
movement (except with a current) is slow, and , worst of all , 
it demands almost all of your attention, which precludes 
your examining the coastline through binoculars or taking 
notes on your observations. All boat operators, regardless of 
the principal power source of their craft , should nevertheless 
have some facility with oars or paddles to be able to react 
correctly in an emergency; some strokes are exhausting and 
wasteful of energy, while others can be maintained for hours 
and will get the boat back to shore if the engine quits or the 
mast breaks. 
Wind power is, of course, the most economical choice 
in terms of both energy and cost but also requires a greater 
time investment by the archaeologist. There is a certain 
amount of skill involved in sailing even a small dinghy (fig. 
9.9) back and forth across a sheltered bay, and the archae-
ologist should have some practice doing basic sailing before 
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Figure 9.9: Conventionalized partial cutaway drawing of an 8-foot sa iling 
dinghy. The rudder, centerboa1·d, and mast are all removable, which 
allows for conversion to oar or outboard power. The partial decking at 
the bow creates a small, protected storage area. 
attempting to navigate in a field situation . Fortunately, such 
skill is easy to acquire , and most coastal cities have public 
sailing classes available at little or no cost. The advantages of 
using sail are, in many cases , logistical rather than strictly 
economical: wind power allows travel through very shallow 
water in which a propeller might become fouled; since fuel 
is not required, problems of supply are greatly lessened and 
independence increased ; mechanical repairs are kept to a 
minimum and are easily made by the operator; and the 
distractions of noise and vibration that usually accompany 
motor power are absent. Disadvantages of sailboats are, of 
course, that the wind must be blowing to make forward 
progress, more skill in handling them is required than with 
other boats, there is a greater risk of capsizing, and close-in 
maneuverability in contexts such as docking is not always 
very impressive. Also , in some archaeological situations, 
sailboats simply cannot be used at all. Most riverine travel, 
for example, involves so many course changes over short yet 
narrow distances that wind power cannot be manipulated. 
Lack of adequate wind or wind from the right heading, of 
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course, can be compensated for by using an auxilia1y out-
board or by rowing for a while when sails cannot be used. 
Outboard motors are, in most cases, the preferred 
driving fo rce, and their advantage over muscle or wind in 
terms of efficiency are remarkable . Equally remarkable are 
the problems that one can run into purchasing, renting, 
maintaining, and using them. If one is going to be running 
a certain kind of outboard for any length of time, it is a very 
good idea to get an ovmer's manual and shop manual and 
learn its mechanical characteristics and how to maintain and 
repair it in the field. Inboards are often much more economi-
cal to run than outboards (especially if they are small 
diesels), but obviously are permanently installed and usually 
are found only in large and not very portable boats. Where 
outboard motors are unavailable but automobiles are avail-
able, the best choice may be to convert a car engine to an 
inboard motor. This is a relatively simple process involving 
the conversion of the engine to run via hand controls that can 
be set for constant speeds . The original transmission may be 
retained, for then the power train will have forward , reverse, 
and neutral capabilities. A flexible U-joint to connect the 
propeller and drive shafts can be made simply by cutting 
short lengths of garden or radiator hose and then clamping 
their ends to the shaft stubs; direct cooling can be arranged 
by dispensing entirely with the radiator and installing a 
screened underwater intake for the water pump . The major 
problem involved is to ascertain the proper angle for the 
propeller shaft and the pitch of the propeller itself. Many 
engines are well suited to such use ; the small BMC four-
cylinder 1275 cc would be an ideal choice, for example , in 
a 20- to 25-foot boat, for it only weighs about 250 pounds 
and produces about 70 hp. 
The flexibility and ease of transport of outboard motors , 
on the other hand, make them very popular. For example, 
you can have three different boats in three different locations 
and use a single outboard to power each of them in rotation. 
Their disadvantages are that such motors are expensive to 
buy new and are almost always in very poor condition if 
found used. Few people are willing to rent or loan their 
outboard to a stranger, much less to a foreigner. A break-
down in a remote area can mean waiting months for parts , 
and the correct kind of oil for t·wo-cycle models is often hard 
to find . Outboards will not run well (or sometimes not at all) 
if the oil/gas mixture is incorrect (normally this is 1:50) or if 
there is scale, dirt , or wate r in the fuel. Running an outboard 
with too low an oil mixture for even only an hour will convert 
it into a very expensive piece of useless junk. 
There is an ideal outboard for every different boat size 
and hull form, and almost all outboards will accept a variety 
of propellers varying in pitch for different water or load 
condit ions. Garb recht (1979) offers suggestions for improv-
ing ou tboard motor performance. It is easy to unclerpower a 
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small boat but much easier to overpower it ; overpowering a 
boat is not only wastefu l of fuel but is also dangerous, fo r 
stem flips can result from overlarge engines. For vee-hull or 
flat-bottomed river or deep-water boats in the 12-to-20 foot 
range, outboards of between 9 and 15 hp are entirely 
adequate for everyday work. Especially heavy loads or rough 
water conditions may require a larger motor (25 to 30 hp on 
boats at the extreme of the size range. Shallow-water boat 
outboards should have short shafts; those for use in deep 
water or where wave action is common should be equipped 
with a long shaft. A 15-hp long shaft outboard will power a 
20-foot boat under a light load at about 12 knots in smooth 
water for four or five hours on a single tank of fuel. This 
motor weighs only about 100 pounds and can easily be 
transported by hand or by vehicle. 
Any outboard motor should be carefully maintained 
and properly used. It should normally be run at three 
quarters power or less and certainly no higher than seven-
eighths power. Cranking the outboard up as high as it will 
go and then leaving it at its highest rpm for a long time is the 
surest way to guarantee that no rpms are going to be 
produced in a very short while. Engine speed should not be 
adjudged by the markings on the throttle handle but by 
changes in tone under different load and water conditions. 
Different loads and changes in wave height or in current will 
render any outboard motor fi xed in a specific position either 
more or less efficient; fortunately, most mounting systems 
provide for variable outboard shaft-to-transom angles . Us-
ing the same boat and outboard for several days in varying 
conditions will teach the operator which angle is best for 
light vs . heavy loads, or for running seas as opposed to 
millpond-like smoothness. In addition to the transom clamps, 
the outboard should have a security chain or strong cord 
attached to some strong portion of the boat. Ori many 
occasions, such chains have made the difference between 
losing a few minutes or losing the whole engine when a snag 
or deadhead is hit at high speed . 
There are so few moving parts in a two-cycle outboard 
motor that , if it is not running (as is usually the case with 
second-or third-hand motors being offered for sale), it is 
probably because the unit has been thrashed into junk. 
Fixing a worn-out motor is usually much more expensive 
and troublesome than buying a new or used motor in good 
condition. If wear has increased to the point where compres-
sion is down by one third over specifications, a cylinder hone 
and new rings might fi x matters. A compression drop 
resulting from running with insufficient oil also indicates 
that the bearings and all other interior parts are ruined and 
that the motor is probably not worth rebuilding. Mechanical 
damage to the power train, by contrast, is usually easily 
remedied , for drive shafts, propeller shafts, and propellers 
can often be fixed or replacements adapted from other 
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engines. Every time a power drop is noted , the spark plugs 
should be pulled , inspected, and, if necessary, replaced. A 
store of spark plug washers should be on hand, for these tend 
to flatten out after two or three tightenings and lose their 
ability to seal off escaping cylinder pressure. Each time the 
outboard motor is taken off the boat, it should be given a 
quick visual inspection and cleaned and dried, inside and 
out. It should be stored in an upright position, and if not to 
be run for some time, it should be run dry of all fuel while 
afloat or in a drum of oily water. If used in ocean contexts, 
all salt water should be flushed out of it , and salt crusts 
removed from all electrical wiring and exposed metal sur-
faces. Especially in salt water, an occasional spray with an 
aerosol lubricant such as WD-40 is very good insurance 
against corrosion . 
Nothing testifies to the mature status of a river camp 
more than the pile of wrecked outboard motors that can 
usually be found in it. A look at the most common mechani-
cal problems will tell the neophyte operator much about the 
the most frequent hazards of the area and the strong and 
weak points of specific outboards. Nicked , broken, or bent 
propellers bespeak collisions with a· rocky or gravelly bottom 
or hitting a shoaling shore at excessive speed. Small nicks in 
the leading edges of prop blades can be filed out, but really 
hard blows create greater problems. Such prop collisions can 
throw the drive shaft out of true or even lock up the 
crankshaft and blow the cylinder heads off the motor. 
As deleterious to any outboard as dragging its propeller 
over a shallow bottom is running an improper gas/oil mix-
ture. At best (rich) , this will lead to sluggishness and to 
excessive carbon buildup and clogged carburetors. At worst 
(that is , lean), this will lead to overheating (and sometimes 
even fire) and then to bearings wearing out or pistons seizing 
in the cylinders. Very good quality outboard motor oil is 
expensive but is certainly worth the investment . In out-of-
the-way places, unfortunately, it often cannot be found and 
something else must be substituted. Any two-cycli;'. oil such 
as that used for motorcycles will usually do, and even very 
low viscosity engine oil (such as 10 weight) will serve, but the 
normal 50: 1 mixture ratio will have to be altered . It is a very 
good idea for one person and one person only to be respon-
sible for mixing the oil and gas. This will ensure that 
confusion over what was mixed, when, and in what propor-
tions (especially with many different containers in various 
stages of being emptied) is kept to a minimum. On the last 
day of a water-based project directed by one of us , the entire 
field camp had to be loaded into a flat-bottom boat and 
powered down the river in time to meet a cargo plane that 
was coming specifically to pick up our artifact collections.To 
be absolutely certain to make the flight , an outboard motor 
had been borrowed to back up the project's own engine. An 
inexperienced student , unfortunately, had been detailed to 
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mL'\'. the fuel for the last day and produced a combination of 
one part oil to two parts gas. Needless to say, neither engine 
would start and the heavily laden boat ended up being 
paddled with shovels 20 miles clown to the airstrip. 
Another common problem is overheating from a too-
lean gas/oil mixture, as already noted, from plugs gapped too 
widely, or, most frequently, from a blocked or excessively 
\Norn water circulation or cooling system. All modern out-
boards have a water pump check system that funnels a thin 
stream of water through the rear of the casing; the boat 
operator has only to reach behind the engine periodically to 
check the pressure of the water stream and its temperature 
to determine how well the cooling system is working. If this 
stream becomes excessively hot but its pressure stays the 
same, some internal problem is developing. If the stream 
diminishes in volume, the water intake is either clogged or 
the impeller in the pump itself is worn out. Killing the motor 
and cleaning out the intake screen will usually solve circu-
lation problems in new engines; rebuilding the water pump 
is often necessary in older ones (Hendrickson and Bofill 
1982). If outboards are run through water having much 
suspended silt, sand , or sediment in areas such as breakers 
off sanely beaches, water pumps will wear out rapidly. If the 
motor has been run through fine silt or sand for only a 
moment or two , it should be disassembled and its cooling 
system should be flushed of abrasive matter; otherwise, a 
rebuild may become necessary. Another problem peculiar to 
the tropics is the propensity for mud-dauber wasps to build 
nests in various engine apertures; these sometimes seal off 
the intake and outlets of the cooling system and make 
disassembly and cleaning necessaty . Running with poor quality 
gas can also clog the gas pump or filter; it is a good idea to strain 
all gasoline before it goes into the boat's fuel tank. 
The world's best outboards, in terms of dependability, 
power , economy, and parts availability, are the Johnson and 
Evinrude singles and twins of up to 35 hp , and the English-
made British Seagull, in various horsepower ratings up to 8 
or 9. The Seagull engine is so light that it can be backpacked, 
so economical that it will run for hours on a gallon of fuel , 
and so simply made that it can be rebuilt with only three or 
four basic tools. The Seagull engine is the ideal choice for 
very small boats such as kayaks or canoes with side mounts , 
while the larger American motors are excellent for deep-
water or river work boats and will stand up to hard daily 
usage with very little adverse result. 
Maintenance and basic repair jobs are greatly simplified 
by keeping a boat kit handy at all times. The boat kit should 
be in a sealed, watertight floating container; a large square 
biscuit tin or a 2-gallon plastic mustard or mayonnaise jar 
with a screw top are ideal for this purpose. The container will 
not only keep basic tools and spare parts dry but also become 
Table 9.1 Suggested boat kit items. 
Tools 
Spark-plug wrench 
Pliers (or vise grip) 
Screwdriver(s) 
Knife 
Plug gapper 
Sandpaper 
Dry towels/rags 
Spares 
Propeller 
Prop pins (3 or 4) 
Starting cord 
Spark plugs (2 complete sets) 
Spray lubricant 
Quick-start spray 
Wire 
Electrician's tape 
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useful when you must swim ashore and need a dry place to 
put your wallet, passport, or mail. The boat kit should 
include the items listed in table 9 .1. 
SAFETY EQUIPMENT 
In many areas in most countries, any boat larger than 
rowboat size (usually about 16 feet in length) must be 
licensed and registered and must carry specific kinds of 
safety equipment. Boatmen in the United States who do not 
comply with such regulations may be heavily fined or have 
their craft impounded. Since the rules vary, a boat legal in 
one jurisdiction may not be legal in another, so the archae-
ologist must ascertain how this might influence boat selec-
tion at the project location. As a rule of thumb, the kinds of 
safety equipment required for large boats should also be 
carried in any work boat , no matter how small, for it is a false 
economy to go out on the water without such equipment just 
because it may not be required by law. 
While certain kinds of equipment (such as paddles) are 
essential for boating, the attitude of the skipper and his 
ability to foresee and react to dangerous situations are 
perhaps more important. Some emergencies can occur in an 
instant (unexpected appearances of shoals, reefs, or sand-
bars), while others (running out of gas, getting caught out 
after dark, or overloading) are caused by cumulative error or 
poor planning. 
The most basic piece of safety equipment is the life 
preserver, sometimes called a "personal flotation de-
vice. " Every boat should have as many life preservers as 
passengers and should also contain extra for emergency 
use. A life-saving device is useless if it remains in the boat 
while the person who should have been wearing it falls 
overboard; most drownings occur because life preservers 
were stowed instead of worn . If the crew or passengers 
are to be the same for the entire project, the archaeologi-
cal skipper should permanently assign each person a 
preserver. Thus , if an emergency occurs, no time is lost 
hunting for a flotation device that someone else says 
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"ought to be there ," and each individua l has only himself 
to blame if his own is waterlogged , is missing straps or 
buckles, or has been left ashore. 
In rough \Nater or when clanger is anticipated , common 
sense dictates that the skipper and all passengers wear life 
preserve rs; yet there often seems little reason to do so on a 
sunny clay with no trouble in sight. A compromise that 
precludes the discomfort and lack of movement resul ting 
from wearing the preserver is to tie a lanyard from the device 
to one's ankle or belt , so that if you fa ll overboard you can 
quickly recover it and put it on. 
There are many different kinds of life preservers avail-
able on the market, but some are so inefficient that they are 
dangerous. Consumer Reports (1982:410-411) rated the 
vast majority of those tested as unsafe because of their 
tendency to turn the swimmer's face down into the water 
instead of keeping it above the surface. Commercially made 
life preservers may not be available in out-of-the-way places, 
yet safety devices are no less necessary. 'vVhere custom-fitted 
vests cannot be obtained , the small boat operator should 
make his own life preservers, either from inner tubes with 
attached cords, or by stringing together capped plastic 
bleach bottles with nylon rope through their handles. Such 
home-made equipment should , of course , be tested under 
safe conditions before it is relied upon in the field. 
Most landsmen overlook another important safety item: 
swimming fins. A person with a pa ir of fins can keep afloat 
even without a life preserve r fo r many hours without over-
exerting himself, and if a long swim to shore is necessary after 
capsizing, fins may make the difference between safe arrival 
and drowning Swimming fins should be lashed together (or 
at least strapped with a heavy rubber band cut from an inner 
tube) so that they do not become separated ; they should 
float and should be visible in the dark. They should also be 
attached to their owner by a lanyard for quick access. Boats 
that by necessity are anchored some distance offshore be-
cause of tidal fluctuations or the possibility of theft are easily 
reached with fins, and if a boat must be pushed by a swimmer, 
the job is almost impossible in deep water without fins. 
The bailer is another piece of equipment that is not often 
thought of until it is too late. Baile rs should be selected both 
for the volume of water that can be displaced and for 
permanence; even a large boat with bilge pumps should have 
a couple of bailers aboard . A wide plastic basin that can 
handle a quart or two at a time will probably be the first thing 
floating away if the boat capsizes; a hole should be drilled 
through its rim and it should be tied to some stationary 
object in the boat by means of a long cord . Bailers with 
handles are preferable; these can easily be made from plastic 
bleach bottles cut diagonally across their bodies . Because 
such bottles have removable caps, they can also double as 
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funnels for fuel transfers in the boat. Physical comfort is 
important in selecting bailers for use in extreme conditions 
(for example, after a hull puncture or capsizing), because 
keeping one's cold , 'Net hand clenched in an unnatural 
position while bailing for a stretch of three to four hours 'vVill 
eventually lead to cramps and exhaustion and result in less 
water being thrown from the boat. 
Signalling devices are now required by law in most U.S. 
coastal and inland waters for boats over 16 feet in length. 
Such devices are either visual or audible, but both rely upon 
the presence of other boatmen in the neighborhood who can 
render assistance or upon the local Coast Guard or marine 
se rvice. Any signaling device carried on the boat should be 
incorporated in the boat kit along with the tools and spares . 
A number of commercial enterprises offer signaling kits for 
sale (fo r example, Olin Products 1980) which satis fy both 
legal and common sense requirements, but it should be 
noted that some choices are better than others in specific 
circumstances. Hand-held flares in small boats are a menace. 
In outboard-powered boats one can ignite the gas supply 
(which is constantly vaporizing) , and it is easy to torch the 
rigging or sails on a small sailboat. This is not to say that the 
need for flares is nonexistent, but a flashlight should be used 
instead of a flare for signaling after dark. Many people put 
great stock in aerial flares, usually because they have never 
had to depend upon them in a life-or-death situation. 
"Meteor" fl ares burn only 5 or 10 seconds and should not be 
fired unless the person in trouble is certain that someone is 
around to see them. Parachute flares, of course, are much 
better and will bum in some cases over a minute but , again , 
must be seen to bring assistance. It should also be noted that 
flare guns are technically classed as firearms in many coun-
tries; the archaeologist trying to import one may find himself 
in trouble at the port of entry. 
Audible signaling devices are usual! y either compressed-
air horns or explosives of one sort or another.To be effective , 
an audible signal must be heard over the rescue boat's ovm 
motor noise or over the normal sound of wind and surf. For 
small boats, a few of the compressed-air aerosol can horns 
can sometimes be useful ; alternatives, where permitted , 
would be large firecrackers or gunshots. The main thing to 
remember either with a visual or audible signal is that when 
the signaling device has a limited life span (depending on the 
strength of the batteries or number of cartridges) , it must not 
be used until a rescuer is within range of the signal and can 
render assistance. Apart from mirrors during daylight or 
flashlights at night , the best rescue signal of all is a short-
wave radio or long-range walkie-talkie. These , unfortu-
nately, cannot be operated without special license in many 
foreign countries and will also be confiscated at many 
international borders. 
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DANGEROUS SITUATIONS AND SAFETY 
CONSIDERATIONS 
All small boats present hazards not encountered on 
shore. U.S. Coast Guard statistics on boating accidents in 
this country indicate that the great majority of injuries and 
fa talities on the water take place in boats under 16 fee t in 
length, such as those most likely to be used by the field 
archaeologist. This is no doubt partly because there are many 
more small boats in operation than large ones, but it is also 
due to the fac t that small boats are less well adapted to deal 
with sudden changes in wind, waves, or other weather 
conditions. 
Coast Guard estimates also note that the primary cause 
of boat-related injury or death is from capsizing or from 
falling overboard . Collisions and fires are also common , and , 
of course, can often lead to a subsequent capsizing or loss of 
passengers over the side. Even though the actual percentage 
of boaters who experience these calamities is quite small in 
relation to the total number of people on the water, prudence 
and common sense should be exercised by all persons 
making use of small boats, especially archaeologists with 
little or no experience on the water. 
The major cause of capsizing and all of its subsequent 
problems is overloading the boat. This means that too many 
passengers or too much freight was aboard fo r the size of the 
vessel. In the United States, small boats are clearly labeled as 
to their we ight and passenge r capacity, and the best way to 
avoid accidents is to carefully observe these limits. Even if 
extra trips are required , and an archaeological bigvvig in the 
host country is urging you to load seven members of his staff 
and three of his family into a boat ra ted for only five, you 
should not yield to the temptation to "just try it once." 
The other most basic precaution concerns weather. If 
climatological reports are available, they should be heeded . 
Failing this, you should interview the local boatmen to find 
out about seasonal wind patterns, shifting back eddies, or 
extreme tides. ln some countries small-craft warnings are 
often posted or announced when the weather will be severe, 
while in others the archaeological skipper is fo rced to rely 
upon his own judgment. ln either case, such days are best 
spent ashore retyping field notes or washing pot sherds, and 
the rule of thumb should be "If there is doubt , don't venture 
out. " On the Pacific Coast of lower Central America, where 
one of us recently spent two field seasons, local boatmen, 
even those with many years of experience, sometimes get 
blown out to sea and are lost. An account (probably apocry-
phal) has it that one seagoing dugout finally came ashore in 
the Galapagos Islands. Small boat sailors should avoid taking 
chances or indulging in exhibitionistic behavior because 
poor judgment or pushing one's luck can often have fatal 
consequences. 
Different hazards are presented by river running com-
pared to deep-water operation , and the boatman who is used 
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to one set of conditions may not be very accustomed to 
dealing with the other. Clemens (1980) provides examples 
of an excellent set of danger situations and their solution fo r 
deep \Vater boating, including what to do if you lose a man 
overboard, run aground, drag your anchor, and so fo rth . His 
text should be studied and the practice p roblems run through 
by anyone who is new to deep water or offshore problems. 
Common problem situations encountered in inshore waters 
or on rivers are discussed much more briefly by Farmer 
(1977), Richey (1979), and Scharff (1960). Some hazards, of 
course , are the same no matter what kind of water is being 
traveled over, and suggestions fo r coping with them are 
standard. 
The most basic safety rule for any cra ft , no matter its size 
or where it is operated, is that there can only be one captain 
per boat and that person is to be obeyed by all passenge rs. In 
a dangerous situation , having more than one person giving 
directions will confuse and endanger everyone; it is impera-
tive that all people in the boat understand who is in charge 
and agree to follow his or her direction. Anyone unwilling to 
fo llow directions should be put ashore at the earliest oppor-
tuni ty and not be allowed in the boat again . Efforts should be 
made to eliminate linguistic confusion aboard as well , so that 
qu ick action can be taken if a problem arises. Misunder-
standing the direction given by an observer in the bow 
regarding how to miss a snag can have disastrous results, so 
before setting off make sure that all passengers understand 
one set of basic boating terms. This need not be in the 
archaeologist's native language; in fact, aboard a bilingual or 
multilingual boat, it is to the archaeologist's advantage to 
give orders in the loca l language ra ther than to hope that the 
crew understands well enough to react adequately to dan-
gerous situations. Hanel signals for "slow," "stop ," "out-
anchor," and the like, are quite useful as well in multilingual 
situations. 
The boat operator should take particular pains to find 
out who among the passengers can swim and who cannot 
and to place them in the boat accordingly. Be certain that all 
nonswimmers have their life preservers on and their shoes 
off or at least unlaced . In addition , the operator should 
impress upon the crew that no one is simply a "passenger" in 
a small boat, because all must occasionally be called upon to 
help by bailing, by shifting their weight to make running 
more efficient or safer, to haul in or put out the anchor, or to 
help work the boat out past the surfline or in close enough 
for loading. Unfortunately, most of these activities involve 
getting wet to some degree, and the natural tendency of those 
accustomed to traveling in comfo rt is to keep from getting 
wet at all. The operator must be able to count upon all 
passengers to react very quickly to any problem, such as the 
possibility of being swamped or nmning aground; any 
passenger who will not participate because he or she does 
not want to get wet should not be in the boat. Passengers, 
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especially those in the bow, should be constantly on the 
lookout for flotsam, deadheads, snags, shallows, or sandbars 
that the operator at the stern cannot see. Each passenger 
should be taught how to get the anchor over the side and to 
kill the engine or drop the sails with only a few seconds' 
warning, and how to bring the prop up in shallow water by 
shifting weight forward. 
The archaeologist should also be fa miliar with the boat's 
behavior when swamped and should intentionally svvamp it 
in calm, shallow water (without the outboard attached, of 
course) if it is a small cra ft . Knowing its handling character-
istics is crucial. Does it sink like a brick? Does it float with any 
freeboard (and therefore can be bailed out), or does it float 
sluggishly just below the surface of the water? Can it be 
navigated (and therefore paddled or pushed back to shore), 
or is it completely immobile (and thus must eventually be 
abandoned)? The buoyancy of almost all boats can be 
increased by constructing permanent flotation chambers 
(fig. 9. 7) . All passengers should be instructed to stay with the 
boat even if it swamps or capsizes. 
Capsizing or other dangerous situations often occur 
because ignorant passengers unadvisedly attempt to enter or 
leave the boat at the wrong time. Too many people trying to 
come aboard at once or trying to jump to shore without 
getting wet can create real problems. Many ribs have been 
cracked and legs broken by people who misjudged their 
entrance into a pitching boat, and the operator should be 
heeded and obeyed . Passengers should not be allowed to 
disembark before the boat comes to a full stop . People 
commonly tty to jump out so as to lighten the load , help 
guide the boat in, or because they are in a hurry; misj udg-
ments here can swamp the boat or result in the person in the 
water being run over and chopped up by a still-moving 
propeller. Some maladroits will only put one leg into the 
water from a moving boat and are surprised to find that they 
are flipped out from the drag. Such people often are wearing 
expensive cameras or manage to snag the other fo ot in the 
project field notes, radio, etc., and take such equipment with 
them over the side. 
The small boat operator should practice man-overboard 
drills with each of the crew members. This familiarizes 
everyone with the mechanics of working the boat around to 
pick someone out of the water. Most landsmen do not realize 
how difficult this maneuver is, especially when there is a 
heavy sea or a current is running strongly. Immediately after 
contact is made, all forward power should be stopped , either 
by dropping the sail or killing the motor. Trying to haul a 
waterlogged individual aboard a small boat over the stern 
transom (usually the lowest point in any boat) vvith the 
engine down is very dangerous; people should only come 
over the side gunwales. 
Chart reading is almost impossible in a small boat that 
is pitching and tossing, or taking on water, or exposed to the 
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wind; it is, however, relatively easy in the comfort of the field 
camp ashore. The boat operator should study all available 
maps and charts of the river course, lakeshore outline, or 
seacoast before approaching the water and should be able to 
trace the route, local hazards, and important features fro m 
memory. The operator should also be able to draw these 
maps from memory; the maps should be adequate when 
compared to the originals. If able to do this, nine times out 
of ten the operator vvill know the exact location when trouble 
arises and will make the correct decision about how to get 
safely ashore. For maintaining a constant heading if and 
when this is necessary, the operator can consult either a 
hand-held compass (tied around the neck, of course, with a 
lanyard) or a semipermanent one affixed to the boat. A 
relatively inexpensive backpacker's compass (such as the 
Silva Polaris, which costs approximately $1 O) can be screwed 
or clamped to a seat, a brace, or some other fixture, or even 
to a removable post. This kind of compass has a rotating dial 
that will allow one to set a course and then steer the boat 
along the desired compass heading; even a nonliterate 
crewman can steer correctly by simply lining up the arrows. 
As important as knowing exact location at all times 
while afloat is knovving how long it takes to get from place 
to place. One of us was running a project of over a year's 
duration some time ago on a river in the Central American 
rain fores t; the field camp had to be supplied by boat from 
the nearest roadhead and airstrip 32 km down river. Part of 
each crewmember's normal responsibility was to run the 
boat down every few days to pick up supplies, mail, and 
news, and to drop off and pick up personnel. With the boat 
lightly loaded and only the operator in it, the roadhead could 
sometimes be reached after only 90 minutes of running with 
the current. Fighting the current upstream with a full load of 
supplies, additional crew members back from the big city, 
and several extra tanks of gas sometimes turned the return 
trip into a 5-to 6-hour marathon afloat. Timing was therefore 
important , and the various jobs that had to be done at the 
roadhead (such as buying supplies, getting gasoline, etc.) 
had to be completed by noon. Otherwise, the boat would not 
have enough time to make it back to camp before dark , for 
it was pitch black by about 6:00 or 6:30 p.m. On two 
separate occasions, a person running the boat misjudged the 
time available and tarried too long at the roadhead having 
lunch; he paid the penalty by spending two very cold, wet 
nights in the boat tied up on the sandbar nearest to him when 
night fe ll. 
A different student, in the same boat on his first solo 
voyage, went downriver in a dense fog and unknovvingly 
bypassed the roadhead because the riverbanks could not be 
seen. Because this person knew how long it should have 
taken him to reach his destination, he realized he had gone 
too far and decided to turn back. He had, in fact, drifted over 
the border into the neighboring country and was fortunate 
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Figure 9.10: Essential small boat knots. a, clove hitch. b, two half hitches (both for tying up to a stationary mooring post). c, fisherman's bend {for securing 
the anchor line). d, bowline. e, butterfly (both for creating a noose that will not slip) . (, figure eight knot {for putting a "stopper" in a length of line) . g, sheet 
bend (for joining two lines together). 
to escape incarceration and confiscation of the boat. Both of 
these situations were somewhat comical in their riverine 
contexts, for misjudging time or distance or the contents of 
your fuel tank need not be too serious when you can always 
tie up to the bank. If the same situations had occurred on a 
deep-vvater project, however, either could have lost his life. 
River travel can be very dangerous, and, while not as 
many river accidents end in drownings as do offshore ones, 
a lack of vigilance will result in disaster much more quickly 
than on an open bay. If the project boat is going to be running 
along the same stretch of river over an extended period, it is 
a good idea to establish safety stations every 10 km or so, or 
at least halfway. These would contain hidden fuel caches in 
case you run out and some kind of shelter. Unfortunately, 
you cannot just tie up to the bank in a deep-water situation 
and walk home as is possible on an inland waterway. But by 
the same token you cannot rig a sea-anchor on a swift-
running river or fix your dead motor or replace your torn sail 
as you can on open water, for you will soon ram a snag or 
capsize. At one point , one of us was drifting downstream in 
a small boat and became tangled broadside to the current 
against a wall of tropical vines; it was only the rapid weight 
transfer of passengers that averted swamping. 
While much attention is usually given to passenger 
safety while afloat, surprisingly little is devoted to protecting 
the boat while not in use. A lightweight, portable boat can 
best be protected by being hauled out of the water and aired 
upside-down to keep it free of wet rot and weeds; an added 
benefit is that the owner need not be concerned that the craft 
will sink at its moorings or that another boat will collide with 
it. Boats in daily use on the water, on the other hand, are 
usually left afloat and tied up to some stationary object 
ashore or anchored in place. Few experiences are worse than 
getting up in the morning and looking out over the water 
only to notice that your boat, anchored the night before, is 
nowhere in sight; such a situation, fortunately, usually 
occurs from negligence, not fate. 
Beyond the obvious suggestions (such as not dropping 
anchor in a busy shipping lane or just off an exposed, rocky 
coastline during hurricane weather) are more subtle points 
for consideration. The operator has as important a respon-
sibility to the boat as to the passengers, and he or she alone 
must be certain the boat is secure at the end of each day. This 
means that the status of the ropes and knots and the 
condition of the cleats, stanchions, and posts are known at 
all times. Figure 9 .10 gives a basic review of the more useful 
boating knots; tempora1y knots, such as the clove hitch, 
should always be replaced by permanent knots if the boat is 
to be left for any length of time. 
The most common mistake made while anchoring any 
boat, or in tying up to a mooring post ashore, is failing to 
leave adequate slack in the line. This practice is not much of 
a problem for weekend sailors who moor at floating docks; 
every change in water level experienced by the boat is also 
paralleled by the dock, and thus the length of the line is 
immaterial; tying up to a fixed object on shore, however, is 
a different matter. The constant tugging and pulling exerted 
by most boats on their mooring ropes can easily slip poorly 
tied knots, break off small branches, or even uproot saplings, 
so careful selection of the knot and the mooring post is 
advisable . Even where there is no daily tidal shift, lots of 
slack in the line is a good idea. One of us had the experience 
of tying up to a firmly anchored post on the bank of a very 
large tropical river and leaving only about 8 feet of slack in 
the painter. That night , torrential rains in the mountains 
many miles to the south created widespread flooding, which, 
of course, was eventually channeled into the river in ques-
tion. Even though the boat was perhaps 40 km downstream 
from the rainstorm, the water level was raised 12 feet 
overnight, and the boat eventually stood on its nose because 
of the short painter, then filled with water and sank. It took 
seven people to raise it high enough so that bailing could 
begin. 'vVhere an anchor is used near shore in a deep-water 
situation, it is a good idea to have at least a 10-to 15-foot 
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length of chain as an anchor lead before the anchor rope 
begins. This adds important weight and keeps the anchor on 
a rough bottom. 
A very v.ri.de margin of safety is necessary while anchor-
ing offshore in an area with substantial tides. During another 
episode on a different archaeological field project, the opera-
tor delegated the job of anchoring to a volunteer instead of 
doing it himself, and the neophyte paid out too little line. 
There was a tidal drop of 10 feet where the boat was 
anchored and around 15 feet of line was paid out. This would 
have been barely adequate in calm water. What the neophyte 
did not plan for was a series of 5-foot waves and the pitching 
of the 20-foot long boat during the night, which simply 
picked the anchor off the bottom and walked the boat off 
v.rith it. This caused a collision with another boat anchored 
nearby and brought both of them up on the beach stuck fas t 
in the sand . The rule of thumb is to pay out as much line as 
you have and to know your knots. The time to learn how to 
tie a bowline or a fisherman's bend is during a period of 
relaxation ashore, not in a pitching boat in the rain at night . 
Although the danger of losing a boat is greatest from the 
vicissitudes of mother nature, thievery must also be antici-
pated and guarded against. Only the naive and trusting fail 
to take their gas line or rudder with them when they leave 
their boat unattended. If the craft is to be left for a long period 
of time, anything stealable should be carried ashore and 
locked up. Most boatmen fortunately have a ve1y highly 
developed sense of honor; this is especially true in isolated 
areas , where each looks after the other's boat and posses-
sions. In regions where boats are scarce, every operator 
quickly comes to recognize each cra ft on the water and 
becomes acquainted with its operator. Near international 
borders, however, it is always easy to blame some foreigner 
from up the coast or down the river when something turns 
up missing, and the incidence of theft in such areas is very 
high . On one frontier situation, the outboard motor, gas, 
oars, and all other removable equipment had to be hauled 
every day by hand more than a kilometer from its storage 
depot to the boat. The boat itself had the national flag of the 
country of origin painted on its bow decking so that if 
spotted from the air out of national waters it would be 
recognized as stolen. 
Most deep-water boats of rigid construction have drain 
plugs that allow bilge water to be pulled out of the hull 
during fast running; the best systems have an exterior and an 
interior plug, and both plugs have lanyards attached to them 
so that they do not get lost. The operator removes the outer 
plug befo re starting out, and then the inner one after he has 
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reached the speed at which the water is sucked ou t. Remov-
ing all of the bilge water from a small boat either through 
bailing or through use of the drain plug can make a major 
improvement in performance. Two inches of water in the 
bottom of the boat can weigh as much as several passengers 
or a full load of cargo, can decrease fuel economy by 20 to 30 
percent , and can add up to 15 or 20 minutes to a trip that 
normally takes an hour. If one has been running a boat for 
several hours, it is easy to forget that the drain plug is out; the 
operator should always check to see that both openings are 
closed before lea\ri.ng the boat. On one occasion, one of us let 
an associate take the project boat out on what was to be that 
person's first solo voyage. The associate was congratulated 
on his successful trip, but later the boat was revisited and 
found to be lacking both drain plugs; about an inch of 
free board was remaining, and the outboard motor was about 
to be given a salt-water bath . 
The loading of archaeological cargo should be super-
vised by the archaeologist himself, and the smaller the size 
of the boat, the more important this task becomes. Non literate 
workmen and nonthinking volunteers can usually be counted 
upon to put the project field notes in the bottom of the boat, 
and then to pile heavy gunnysacks full of potsherds atop 
them; the result is usually a sodden mass of running ink and 
paper cemented solid . Any materials that should be kept dry 
must be placed on the seats where they will not be soaked by 
the bilge water; these should be guarded against spray by 
wrapping with plastic bags. Before entering the boat for any 
trip, the archaeologist should think how his excavated 
materials, notes , camera, etc., might be saved if the boat 
swamps or he gets caught in a squall. Putting expensive 
equipment such as transits, or delicate materials such as 
exposed film in floating boxes or in water-tight containers 
inside life preservers is a good idea, and in rainy areas enough 
tarpaulins should be available inside the boat to cover the 
entire load. 
CONCLUSION 
Although the difficulties in doing archaeology with small boats 
as basic transportation may seem overwhelming at times, it 
should be reiterated that all the necessa1y skills can be mastered 
in only a few days or weeks. The investment of time should 
enable you to explore hitherto unreachable areas or to mount 
projects that would have been deemed impossible. A more 
general acceptance of small boats as a logistical aid to field 
archaeology cannot help but result in an overall increase in 
the amount of archaeological knowledge about ancient 
peoples in both inland and coastal environments. 
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